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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of
Health and Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health;
the National Institute of Environmental Health Sciences (NIEHS), National Institutes of Health; the
National Center for Toxicological Research (NCTR), Food and Drug Administration; and the National
Institute for Occupational Safety and Health (NIOSH), Centers for Disease Control and Prevention. In July
1981, the Carcinogenesis Bioassay Testing Program, NCI, was transferred to the NIEHS. The NTP
coordinates the relevant programs, staff, and resources from these Public Health Service agencies relating
to basic and applied research and to biological assay development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and were
conducted in compliance with NTP laboratory health and safety requirements and must meet or exceed all
applicable federal, state, and local health and safety regulations. Animal care and use were in accordance
with the Public Health Service Policy on Humane Care and Use of Animals. The prechronic and chronic
studies were conducted in compliance with Food and Drug Administration (FDA) Good Laboratory
Practice Regulations, and all aspects of the chronic studies were subjected to retrospective quality assurance
audits before being presented for public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice).
Chemicals selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of
human exposure, level of production, and chemical structure. The interpretive conclusions presented in this
Technical Report are based only on the results of these NTP studies. Extrapolation of these results to other
species and quantitative risk analyses for humans require wider analyses beyond the purview of these
studies. Selection per se is not an indicator of a chemical’s carcinogenic potential.

Details about ongoing and completed NTP studies are available at the NTP’s World Wide Web site:
http://ntp-server.niehs.nih.gov. Abstracts of all NTP Technical Reports and full versions of the most
recent reports and other publications are available from the NIEHS’ Environmental Health Information
Service (EHIS) http://ehis.niehs.nih.gov (800-315-3010 or 919-541-3841). In addition, printed copies of
these reports are available from EHIS as supplies last. A listing of all the NTP reports printed since 1982
appears on the inside back cover.
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EMODIN

CAS No.

Chemical Formula: C,5H;,05

518-82-1

Molecular Weight: 270.23

Synonyms: Archin; C.I. 75440; C.I. Natural Green 2; C.I. Natural Yellow 14; emodol; frangulic acid; frangula emodin; 6-methyl-
1,3,8-trihydroxyanthraquinone; Persian Berry Lake; rheum emodin; schuttgelb; 1,3,8-trihydroxy-6-methyl-9,10-
anthracenedione; 1,3,8-trihydroxy-6-methylanthraquinone; 4,5,7-trihydroxy-2-methylanthraquinone

Emodin is a naturally occurring anthraquinone present
in the roots and bark of numerous plants of the genus
Rhamnus. Extracts from the roots, bark, and/or dried
leaves of buckthorn, senna, cascara, aloe, frangula,
and rhubarb have been used as laxatives since ancient
times and currently are widely used in the preparation
of herbal laxative preparations. Anthraquinone glyco-
sides are poorly absorbed from the gastrointestinal
tract but are cleaved by gut bacteria to produce agly-
cones (such as emodin) that are more readily absorbed
and are responsible for the purgative properties of
these preparations. There is extensive exposure to
emodin and other anthraquinones resulting from the
use of herb-based stimulant laxatives. Reports that
1,8-dihydroxyanthraquinone, a commonly used laxa-
tive ingredient, caused tumors in the gastrointestinal
tract of rats raised the possibility of an association
between colorectal cancer and the use of laxatives
containing anthraquinones. Because emodin is a
hydroxyanthraquinone structurally similar to 1,8-dihy-
droxyanthraquinone, is present in herbal laxatives,
and was reported to be mutagenic in bacteria, it was

considered a potential carcinogen and was selected for
in-depth evaluation. Male and female F344/N rats
and B6C3F, mice were exposed to emodin (at least
94% pure) in feed for 16 days, 14 weeks, or 2 years.
Genetic toxicology studies were conducted in
Salmonella typhimurium, cultured Chinese hamster
ovary cells, rat and mouse bone marrow cells, and
mouse peripheral blood erythrocytes.

16-DAY STUDY IN RATS

Groups of five male and five female rats were fed
diets containing 0, 600, 2,000, 5,500, 17,000, or
50,000 ppm emodin (equivalent to average daily doses
of approximately 50, 170, 480, 1,400, or 3,700 mg
emodin/kg body weight to males and 50, 160, 460,
1,250, or 2,000 mg/kg to females) for 15 (males) or
16 (females) days. Three female rats died before the
end of the study. Mean body weights of males and
females exposed to 5,500 ppm or greater were
significantly less than those of the controls. Feed



consumption by males and females receiving 17,000
or 50,000 ppm was decreased throughout the study.
Macroscopic lesions were present in the kidney of rats
exposed to 17,000 or 50,000 ppm.

16-DAY STUDY IN MICE

Groups of five male and five female mice were fed
diets containing 0, 600, 2,000, 5,500, 17,000, or
50,000 ppm emodin (equivalent to average daily doses
of approximately 120, 400, 1,200, or 3,800 mg/kg to
males and 140, 530, 1,600, or 5,000 mg/kg to
females; 50,000 ppm equivalents were not calculated
due to high mortality) for 15 (males) or 16 (females)
days. All mice exposed to 50,000 ppm died before
the end of the study. Mice in the 17,000 ppm groups
lost weight during the study. Feed consumption by
5,500 ppm females was greater than that by the
controls throughout the study. Macroscopic lesions
were present in the gallbladder and kidney of mice
exposed to 17,000 ppm.

14-WEEK STUDY IN RATS

Groups of 10 male and 10 female rats were fed diets
containing 0, 312.5, 625, 1,250, 2,500, or 5,000 ppm
emodin (equivalent to average daily doses of approxi-
mately 20, 40, 80, 170, or 300 mg/kg to males and
females) for 14 weeks. Mean body weights of males
exposed to 2,500 ppm or greater and females exposed
to 1,250 ppm or greater were significantly less than
those of the controls. During the first week of the
study, feed consumption by males exposed to 2,500
or 5,000 ppm and females exposed to 5,000 ppm was
less than that by the controls. Feed consumption by
these groups was similar to that by the controls for the
remainder of the study. In rats exposed to 2,500 or
5,000 ppm, there were increases in platelet counts in
males and females and segmented neutrophil counts in
females. Total serum protein and albumin concentra-
tions were decreased in females exposed to 2,500 or
5,000 ppm. Relative kidney weights of rats exposed
to 1,250 ppm or greater and relative lung weights of
rats exposed to 625 ppm or greater were significantly
increased compared to the control groups. Relative
liver weights were increased in females exposed to
625 ppm or greater. The estrous cycle length was
significantly increased in females exposed to 1,250 or
5,000 ppm.
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All male rats exposed to 1,250 ppm or greater and all
exposed female rats had pigment in the renal tubules;
and the severity of pigmentation generally increased
with increasing exposure concentration. The inci-
dences of hyaline droplets in the cortical epithelial
cytoplasm were increased in all groups of exposed
males and in females exposed to 312.5, 625, or
1,250 ppm.

14-WEEK STUDY IN MICE

Groups of 10 male and 10 female mice were fed diets
containing 0, 312.5, 625, 1,250, 2,500, or 5,000 ppm
emodin (equivalent to average daily doses of approxi-
mately 50, 100, 190, 400, or 800 mg/kg to males and
60, 130, 240, 500, or 1,100 mg/kg to females) for
14 weeks. All mice survived to the end of the study.
Mean body weights of males exposed to 2,500 or
5,000 ppm were significantly less than those of the
controls. Feed consumption by exposed groups was
generally similar to that by the controls. Relative kid-
ney weights of male mice exposed to 1,250 ppm or
greater, relative lung weights of males exposed to
625 ppm or greater, and relative liver weights of
female mice exposed to 625 ppm or greater were
increased.

The incidences and severities of nephropathy were
increased in males and females exposed to 1,250 ppm
or greater. The incidences of renal tubule pigmen-
tation were significantly increased in males exposed
to 625 ppm or greater and in females exposed to
1,250 ppm or greater.

2-YEAR STUDY IN RATS

Groups of 65 male and 65 female rats were fed diets
containing 0, 280, 830, or 2,500 ppm emodin
(equivalent to average daily doses of approximately
110, 320, or 1,000 mg/kg to males and 120, 370, or
1,100 mg/kg to females) for 105 weeks. Ten male
and ten female rats from each group were necropsied
at 6 months. Blood samples from five male and five
female rats in each group were evaluated at 3, 6, and
12 months for plasma emodin concentrations; these
rats were necropsied at 12 months.
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Survival, Body Weights,

and Feed Consumption

Survival of exposed males and females was similar to
that of the controls. The mean body weights of rats
in the 2,500 ppm groups were less than those of the
controls beginning at week 2 of the study. Feed con-
sumption by exposed groups was similar to that by the
controls throughout the study.

Pathology Findings

Three Zymbal’s gland carcinomas were observed in
female rats exposed to 2,500 ppm. This incidence
exceeded the range observed for current historical
controls and was considered an equivocal finding.

At the 6- and 12-month interim evaluations and at
2 years, emodin-related increases in the incidences of
renal tubule hyaline droplets occurred in all exposed
groups. The incidences of renal tubule pigmentation
were significantly increased in all exposed groups of
males at 2 years.

There were negative trends in the incidences of mono-
nuclear cell leukemia in male and female rats, and the
incidences in the 2,500 ppm groups were significantly
decreased. In females exposed to 2,500 ppm, the
incidence was below the historical control range; the
incidence in males exposed to 2,500 ppm was at the
lower end of the historical control range.

2-YEAR STUDY IN MICE

Groups of 60 male mice were fed diets containing 0,
160, 312, or 625 ppm emodin (equivalent to average
daily doses of approximately 15, 35, or 70 mg/kg) for
105 weeks. Groups of 60 female mice were fed diets
containing 0, 312, 625, or 1,250 ppm emodin (equiv-
alent to average daily doses of approximately 30, 60,
or 120 mg/kg) for 105 weeks. Ten male and ten
female mice from each group were necropsied at
12 months.

Survival, Body Weights,

and Feed Consumption

Survival and mean body weights of exposed males
and females were similar to those of the controls. No
differences in feed consumption were noted between
exposed and control groups.

Pathology Findings

Low incidences of renal tubule adenoma and car-
cinoma occurred in exposed male mice; these inci-
dences included one carcinoma each in the 312 and
625 ppm groups. Renal tubule neoplasms are rare in
male mice, and their presence in these groups sug-
gested a possible association with emodin exposure.

At the 12-month interim evaluation, the severity of
nephropathy was slightly increased in males exposed
to 625 ppm. Also at 12 months, the severity of
nephropathy increased from minimal in the lower
exposure groups to mild in females exposed to
1,250 ppm; the incidence in this group was signi-
ficantly increased compared to the control group. At
2 years, the severities of nephropathy were slightly
increased in males exposed to 625 ppm and females
exposed to 1,250 ppm. The incidences of nephrop-
athy were significantly increased in all exposed
groups of females. At the 12-month interim evalu-
ation, the incidences of renal tubule pigmentation
were significantly increased in all exposed groups of
males and in females exposed to 625 or 1,250 ppm.
The severities increased with increasing exposure
concentration. At 2 years, the incidences of renal
tubule pigmentation were significantly increased in all
exposed groups; severities increased with increasing
exposure concentration.

GENETIC TOXICOLOGY

Emodin was mutagenic in Salmonella typhimurium
strain TA100 in the presence of S9 activation; no
mutagenicity was detected in strain TA98, with or
without S9. Chromosomal aberrations were induced
in cultured Chinese hamster ovary cells treated with
emodin, with and without S9. Three separate in vivo
micronucleus tests were performed with emodin. A
male rat bone marrow micronucleus test, with emodin
administered by three intraperitoneal injections, gave
negative results. Results of acute-exposure (intraperi-
toneal injection) micronucleus tests in bone marrow
and peripheral blood erythrocytes of male and female
mice were negative. In a peripheral blood micro-
nucleus test on mice from the 14-week study, negative
results were seen in male mice, but a weakly positive
response was observed in similarly exposed females.



CONCLUSIONS

Under the conditions of these 2-year feed studies,
there was no evidence of carcinogenic activity* of
emodin in male F344/N rats exposed to 280, 830, or
2,500 ppm. There was equivocal evidence of carcin-
ogenic activity of emodin in female F344/N rats based
on a marginal increase in the incidence of Zymbal’s
gland carcinoma. There was equivocal evidence of
carcinogenic activity of emodin in male B6C3F, mice
based on a low incidence of uncommon renal tubule
neoplasms. There was no evidence of carcinogenic
activity of emodin in female B6C3F, mice exposed to
312, 625, or 1,250 ppm.
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Exposure of rats to emodin resulted in increased
incidences of renal tubule hyaline droplets and pig-
mentation in males, increased incidences of renal
tubule hyaline droplets in females, and increased
severities of renal tubule pigmentation in males and
females. Emodin exposure resulted in increased inci-
dences of renal tubule pigmentation in male and
female mice and increased incidences of nephropathy
in female mice.

Incidences of mononuclear cell leukemia decreased in
male and female rats exposed to 2,500 ppm.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 12.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Emodin

Male Female Male Female
F344/N Rats F344/N Rats B6C3F, Mice B6C3F, Mice
Concentrations 0, 280, 830, or 0, 280, 830, or 0, 160, 312, or 0, 312, 625, or
in feed 2,500 ppm 2,500 ppm 625 ppm 1,250 ppm

Body weights

Survival rates

Nonneoplastic
effects

Neoplastic effects

Uncertain findings

Decreased
incidences

Level of evidence of
carcinogenic activity

Genetic toxicology

2,500 ppm group less
than control group

30/50, 21/50, 21/50,
30/50

Kidney: renal tubule
hyaline droplet (3/50,
45/50, 43/50, 43/50);
renal tubule
pigmentation (35/50,
47/50, 49/50, 50/50);
severity of pigmentation
(1.3, 1.8,1.8,2.1)

None

None

Mononuclear cell
leukemia: 28/50,
31/50, 29/50, 18/50

No evidence

2,500 ppm group less
than control group

33/50, 39/50, 35/50,
34/50

Kidney: renal tubule
hyaline droplet (22/49,
49/50, 49/49, 50/50);
severity of pigmentation
(1.2,1.4,2.4,3.0)

None

Zymbal’s gland:
carcinoma (0/50, 0/50,
0/50, 3/50)

Mononuclear cell
leukemia: 14/50, 17/50,
16/50, 3/50

Equivocal

Exposed groups similar
to control group

41/50, 37/50, 40/50,
43/50

Kidney: renal tubule
pigmentation (0/49,
46/50, 50/50, 50/50)

None

Kidney: renal tubule
adenoma (standard
evaluation - 0/49, 1/50,

1/50, 0/50; standard and

extended evaluations
combined - 0/49, 1/50,

1/50, 1/50); renal tubule

carcinoma (standard
evaluation - 0/49, 0/50,

1/50, 1/50; renal tubule

adenoma or carcinoma
(standard evaluation -
0/49, 1/50, 2/50, 1/50;
standard and extended
evaluations combined -
0/49, 1/50, 2/50, 2/50)

None

Equivocal

Exposed groups similar
to control group

37/50, 39/50, 40/50,
36/50

Kidney: renal tubule
pigmentation (0/49,
37/50, 48/50, 49/49);
nephropathy (22/49,
46/50, 41/50, 48/49)

None

None

None

No evidence

Salmonella typhimurium gene mutations:

Chromosomal aberrations

Cultured Chinese hamster ovary cells in vitro:
Micronucleated erythrocytes

Rat bone marrow in vivo:

Mouse bone marrow in vivo:

Mouse peripheral blood in vivo:

Positive in strain TA100 with S9; negative in strain TA100 without S9; negative
with and without S9 in strain TA98

Positive with and without S9

Negative when administered as intraperitoneal injections

Negative when administered as intraperitoneal injections

Negative when administered as intraperitoneal injections; negative in males and
weakly positive in females when administered in feed for 14 weeks
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence
for conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as
those conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from
chemicals found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence
observed in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings
(equivocal evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated
because of major flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised
in March 1986 for use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic
activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to
describe the findings. These categories refer to the strength of the experimental evidence and not to potency or mechanism.

® C(Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

® Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related
increased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that
required for clear evidence.

® Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase
of neoplasms that may be chemical related.

® No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related
increases in malignant or benign neoplasms.

® Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative
limitations, cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline
between two adjacent levels. These considerations should include:

adequacy of the experimental design and conduct;

occurrence of common versus uncommon neoplasia;

progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is
impossible to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is
to assume that benign neoplasms of those types have the potential to become malignant;

combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or
tissue;

latency in tumor induction;

multiplicity in site-specific neoplasia;

metastases;

supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same
lesion in another sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;
survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on emodin on 21 May 1999 are
listed below. Subcommittee members serve as independent scientists, not as representatives of any institution, company, or governmental
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Health and Environmental Sciences
Dow Chemical Company
Midland, MI

Linda A. Chatman, D.V.M., Principal Reviewer
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to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.

John M. Cullen, Ph.D., V.M..D.
Department of Microbiology, Parasitology, and Pathology
College of Veterinary Medicine
North Carolina State University
Raleigh, NC

Harold Davis, D.V.M., Ph.D.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On 21 May 1999, the draft Technical Report on the
toxicology and carcinogenesis studies of emodin
received public review by the National Toxicology
Program’s Board of Scientific Counselors’ Technical
Reports Review Subcommittee. The review meeting
was held at the National Institute of Environmental
Health Sciences, Research Triangle Park, NC.

Dr. R.D. Irwin, NIEHS, introduced the toxicology
and carcinogenesis studies of emodin by discussing
the uses of the chemical and the rationale for study,
describing the experimental design, reporting on sur-
vival and body weight effects, and commenting on
compound-related neoplastic and nonneoplastic lesions
in rats and mice. The proposed conclusions for the
2-year feed studies were no evidence of carcinogenic
activity in male F344/N rats and female B6C3F, mice
and equivocal evidence of carcinogenic activity in
female F344/N rats and male B6C3F, mice.

Dr. Hecht, a principal reviewer, agreed with the
proposed conclusions, but he thought that squamous
cell carcinomas of the nose in rats should be con-
sidered related to emodin exposure. Because the rat
nose, known to be a rich source of cytochrome
P450 enzymes, could metabolically activate emodin,
he said the possibility of a relationship between the
neoplasms to emodin exposure could not be categori-
cally ruled out. Dr. Irwin agreed that the potential
for metabolic activation existed, but there were just
two animals with nasal neoplasms and there were no
other indications of preneoplastic activity such as
squamous metaplasia.

Dr. Chatman, the second principal reviewer, agreed
with the proposed conclusions. She asked why
emodin, a cathartic, did not show laxative effects in
the 2-year studies and whether water consumption
was monitored. Dr. Irwin said the lack of cathartic
effects was a surprise and that water consumption was
not specifically monitored. In view of conflicting
results on genotoxicity, Dr. Chatman asked if there
were any additional studies planned. She noted the
first pass effect and need for metabolic activation
suggesting a metabolite as the genotoxic form.
Dr. Irwin responded that further studies were not
planned and that 2-hydroxyemodin, a metabolite, acts

as the genotoxin. Dr. Chatman noted increased
estrogenic activity of emodin reported in an early
study and asked if there was a potential for repro-
ductive problems in women who abuse laxatives.
Dr. Irwin said endocrine disruptor screening of
emodin would be worthwhile.

Dr. Russo, the third principal reviewer, agreed with
the proposed conclusions and asked about estrogenic
effects of emodin. Dr. Irwin reported a lengthening
of the estrous cycle in exposed rats but no changes in
morphology in the uterus.

There was considerable discussion as to whether
increased incidences of bone marrow hyperplasia and
hematopoietic cell proliferation in rats were exposure-
related effects or secondary to decreased incidences of
mononuclear cell leukemia in male and female rats.
Drs. J.R. Hailey and A. Nyska, NIEHS, concluded
that these increases were secondary to decreased
mononuclear cell leukemia and agreed to add the
interpretation in the report. Dr. Medinsky suggested
more discussion on the toxicokinetics, noting that low
concentrations of emodin in the blood could be due to
poor gastrointestinal absorption and/or an extensive
first pass effect by the liver in which a majority of the
parent compound is metabolized. Dr. Irwin agreed
and noted that extensive studies were not done due to
limited amounts of the test material and because there
was considerable information on metabolism and
disposition in the literature. Dr. Cullen observed that
emodin may not be a cathartic in rodents due to a
different gut structure from humans and certainly
different reabsorption capability in colonic function.
Dr. Bailer questioned the lack of attention to several
small, apparently exposure concentration related
increases in neoplasms, such as Harderian gland
carcinomas. Dr. Hailey explained that NTP considers
analysis of benign and malignant neoplasms combined
to be the most relevant when looking at tumorigenic
effects, and in doing this with the Harderian gland,
there was neither a positive trend nor pairwise
differences. Dr. Chatman asked if possible antileuke-
mic effects of emodin were being evaluated.
Dr. Irwin replied that emodin, as well as some
derivatives, was being evaluated for human use as an
anticancer agent.
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Dr. Hecht moved that the Technical Report on
emodin be accepted with revisions discussed and with
the conclusions as written for male rats and female
mice, no evidence of carcinogenic activity, and for
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female rats and male mice, equivocal evidence of
carcinogenic activity. Dr. Chatman seconded the
motion, which was accepted unanimously with nine
votes.
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INTRODUCTION
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EMODIN

CAS No. 518-82-1

Chemical Formula: C;5H;,O5

Molecular Weight: 270.23

Synonyms: Archin; C.1. 75440; C.I. Natural Green 2; C.I. Natural Yellow 14; emodol; frangulic acid; frangula emodin; 6-methyl-
1,3,8-trihydroxyanthraquinone; Persian Berry Lake; rheum emodin; schuttgelb; 1,3,8-trihydroxy-6-methyl-9,10-
anthracenedione; 1,3,8-trihydroxy-6-methylanthraquinone; 4,5,7-trihydroxy-2-methylanthraquinone

CHEMICAL

AND PHYSICAL PROPERTIES

Emodin is a fluffy, orange powder that is insoluble in
water but slightly soluble in ether, chloroform, carbon
tetrachloride, carbon bisulfide, and benzene, and solu-
ble in alcohol. The melting point ranges from 256° to
257° C (Merck Index, 1989; Lide, 1998).

PRODUCTION, USE,

AND HUMAN EXPOSURE

Emodin is a naturally occurring anthraquinone present
in the roots and bark of numerous plants of the genus
Rhamnus. Emodin occurs primarily as a mixture of
two glycosides: the 3-O-glycoside of L-rhamnose
(frangulin A) and the 3-O-glycoside of D-apiofuranose
(frangulin B). Extracts from the roots, bark, and/or
dried leaves of buckthorn, senna, cascara, aloe, fran-
gula, and rhubarb have been used as laxatives since
ancient times and currently are widely used in the

preparation of herbal laxative preparations. Anthra-
quinone glycosides are poorly absorbed from the gas-
trointestinal tract but are cleaved by gut bacteria to
produce aglycones (such as emodin) that are more
readily absorbed and are responsible for the purgative
properties of these preparations (Brunton, 1985).
Herbal laxatives are nonprescription products that are
readily available to the public. Production figures for
herbal laxatives are not available.

Free, unconjugated emodin is also a mycotoxin
formed by several strains of fungi, as well as a com-
ponent of several bis-anthraquinone mycotoxins
(Ueno, 1984). Emodin can also be synthesized in a
Friedel-Crafts reaction from 3,5-dinitrophthalic anhy-
dride and m-cresol.

Extensive exposure to emodin and other anthra-
quinones results from the use of herb-based stimulant
laxatives. Approximately 15% to 20% of the Ameri-
can population suffers from constipation and uses
some type of laxative on a regular basis (Everhart
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etal., 1989). In addition, because stimulant laxatives
are effective and readily available, these products are
widely abused by people with eating disorders such as
anorexia and bulimia. Melanosis coli, a brown dis-
coloration of the colonic mucosa caused by the
presence of pigment-laden macrophages, is an indica-
tor of long-term use of laxatives containing anthra-
quinone. In a recent retrospective study of a cohort
of 2,277 colonoscopy patients, melanosis coli was
observed in 4.3% of all the cases, whereas melanosis
coli was present in 14.7% of patients suffering from
constipation (Nusko ez al., 1993). Previous studies of
a proctologic examination series reported an overall
melanosis coli prevalence of 1% to 8% with a preva-
lence of 12% to 31% in patients suffering from
constipation (Nusko et al., 1993). With the with-
drawal of phenolphthalein-based laxatives from the
market and current trends favoring the use of reme-
dies based on natural products, it is likely that the use
of anthraquinone-containing laxatives will increase.

ABSORPTION, DISTRIBUTION,

METABOLISM, AND EXCRETION

Experimental Animals

The disposition and metabolism of emodin has been
examined in rats by Bachmann and Schlatter (1981).
Oral administration of '“C-emodin (50 mg/kg)
revealed rapid absorption from the gastrointestinal
tract. Radioactivity in the peripheral blood reached a
maximum 2 hours after administration and had
decreased to 30% of the peak value within 24 hours;
however, detectable quantities were present in the
peripheral blood 5 days later. Radioactivity appeared
in urine 4 to 6 hours after administration, and total
cumulative radioactivity recovered in urine amounted
to 18% of the administered dose after 24 hours and
22% after 120 hours. In the urine, 70% of the radio-
activity was in the form of free anthraquinone, and
the remainder was present as glucuronide or sulfate
conjugates. Cumulative radioactivity excreted in the
feces amounted to 44% of the administered dose
within 24 hours and a total of 66 % after 72 hours. In
the feces, 62 % of the radioactivity was in the form of
free anthraquinones; the remaining material was
unextractable. The only metabolite identified in the
urine was emodic acid (1,3,8-trihydroxy-6-carboxy-
anthraquinone).
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In rats in which the bile duct had been cannulated,
radioactivity appeared in bile within 30 minutes of
administration, reached a maximum by 6 hours, and
decreased rapidly thereafter so that by 15 hours after
administration only traces of radioactivity were detect-
able in bile. Total biliary excretion amounted to 50 %
of the administered dose within 15 hours. In cannu-
lated animals 7% of the administered dose was elimi-
nated in urine and 45 % in feces compared to 22 % and
67%, respectively, in noncannulated animals, thus
suggesting considerable enterohepatic recirculation.
In cannulated animals, metabolites and parent com-
pound excreted in bile were almost entirely in the
form of conjugates whereas in noncannulated animals,
parent and metabolites present in the urine were
mostly in the free unconjugated form. This result is
consistent with the ability of gut bacteria to efficiently
cleave conjugated material entering the intestine in
bile.

The biotransformation of emodin by liver microsomal
preparations in vitro has also been examined. Masuda
and Ueno (1984) incubated emodin with microsomes
prepared from rats pretreated with PCB, 3-methylcho-
lanthrene, or phenobarbital, and detected at least five
anthraquinoid metabolites, only one of which was a
direct-acting mutagen in bacteria. Of the five metabo-
lites, only 2-hydroxyemodin, the mutagenic metabo-
lite, was positively identified. Additionally, it was
demonstrated that the formation of 2-hydroxyemodin
was inhibited by carbon monoxide, SKF 525A, and
a-naphthoflavone. In subsequent studies (Masuda
et al., 1985; Murakami et al., 1987), four additional
metabolites were identified as 4-hydroxyemodin,
5-hydroxyemodin, 7-hydroxyemodin, and w-hydroxy-
emodin, in which the 6-methyl group was hydroxy-
lated. Mueller et al. (1998a) incubated emodin with
liver microsomes from male and female rats and
detected the formation of two metabolites identified as
2-hydroxyemodin and w-hydroxyemodin. The forma-
tion of 2-hydroxyemodin was stimulated by pretreat-
ment with 3-methylcholanthrene and inhibited by
a-naphthoflavone. 2-Hydroxyemodin formation was
also inhibited by anti-rat cytochrome P4501A1/2 and
to a lesser extent by anti-rat cytochrome P4501A1.

Humans

No information on the absorption, distribution, metab-
olism, and excretion of emodin in humans was found
in a search of the available literature.
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TOXICITY

Only acute toxicity data in mice are available for
emodin. The intraperitoneal LDs, (dimethylsulfoxide
solvent) is 35 mg/kg; the oral LD, (dimethylsulfoxide
solvent) is greater than 1,000 mg/kg (Bachmann
et al., 1979). No information on the toxicity of
emodin in humans was found in a search of the
available literature.

CARCINOGENICITY

Experimental Animals

The carcinogenic potential of emodin has not been
evaluated; however, two hydroxyanthraquinones
structurally similar to emodin have been evaluated for
carcinogenic potential. Mori e al. (1985) adminis-
tered diets containing 1 % 1,8-dihydroxyanthraquinone
to 18 AClI rats (gender unspecified) for 16 months. A
second group of 15 ACI rats was given basal diet and
served as the control group. A total of seven rats in
the treated group developed adenomas or adenocar-
cinomas of the colon or cecum whereas none of the
rats in the control group had tumors of the cecum or
colon. In a second study, Mori et al. (1986) adminis-
tered diets containing 0% or 0.2% 1,8-dihydroxy-
anthraquinone to a group of 20 C3H/HeN mice
(gender unspecified) for 540 days. All 17 surviving
treated mice developed adenomatous hyperplasia of
the cystic glands in the cecum and five surviving mice
had similar lesions in the colon; none occurred in the
control group. In addition, hepatocellular carcinoma
was observed in four surviving treated mice, and none
occurred in the control group.

1-Hydroxyanthraquinone was administered at 1% in
the diet to 30 ACI/N male rats for 480 days; there
was an equal number of untreated controls (Mori
et al., 1990). Adenomas or adenocarcinomas of the
cecum or upper portion of the colon occurred in 25 of
29 rats in the treated group and in none in the control
group. In addition, 12 treated animals had neoplastic
nodules or hepatocellular carcinomas and five treated
rats had stomach tumors.

Several other anthraquinones containing amino or
halogen moieties have been evaluated for carcinogenic
potential. 2-Aminoanthraquinone was administered in
feed at time-weighted average concentrations of 0%,
0.35%, or 0.69% to groups of 50 male F344/N rats,
0% or 0.2% to groups of 50 female F344/N rats, and
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0%,0.5%, or 1% to groups of 50 male and 50 female
B6C3F, mice for 78 to 80 weeks. At the end of the
exposure period, the animals were switched to control
feed. Rats were then held an additional 32 weeks and
mice an additional 16 weeks. 2-Aminoanthraquinone
induced hepatocellular neoplasms in male rats and
male and female mice (NCI, 1978a).

1-Amino-2-methylanthraquinone was administered in
feed at time-weighted average concentrations to
groups of 45 to 50 male and 45 to 50 female
F344/N rats and B6C3F, mice. Rats received diets
containing 0%, 0.1%, or 0.2 % for 78 weeks followed
by a 26- to 28-week observation period during which
control feed was provided. Mice received 0% or
0.6% for 73 weeks followed by a 24- to 25-week
observation period. Exposure to 1-amino-2-methyl-
anthraquinone significantly increased incidences of
hepatocellular neoplasms in male and female rats and
female mice and renal neoplasms in male rats (NCI,
1978b).

2-Methyl-1-nitroanthraquinone was administered in
feed to groups of 50 male and 50 female F344/N rats
at concentrations of 0%, 0.06%, or 0.12% for
78 weeks followed by a 31-week observation period
during which the animals were not exposed. A sig-
nificant increase in the incidence of hepatocellular
neoplasms in male and female rats was associated
with exposure to 2-methyl-1-nitroanthraquinone (NCI,
1978c).

1,4,5,8-Tetraaminoanthraquinone (C.I. Disperse
Blue 1) was administered to groups of 50 male and
50 female F344/N rats at dietary concentrations of 0,
1,250, 2,500, or 5,000 ppm and to groups of 50 male
and 50 female B6C3F, mice at dietary concentrations
of 0, 600, 1,200, or 2,500 ppm for 2 years. Chemi-
cal exposure was associated with significant increases
in the incidences of bladder neoplasms in male and
female rats and hepatocellular neoplasms and alveolar/
bronchiolar neoplasms in male and female mice
(NTP, 1986).

1-Amino-2,4-dibromoanthraquinone was administered
in feed to groups of 50 male and 50 female
F344/N rats and B6C3F, mice for 2 years. Rats
received concentrations of 0, 2,000, 5,000, or
10,000 ppm and mice received 0, 10,000, or
20,000 ppm. Exposure to 1-amino-2,4-dibromo-
anthraquinone was associated with significant



18

increases in the incidences of neoplasms of the large
intestine, kidney, liver, and urinary bladder in rats
and of neoplasms of the forestomach, liver, and lung
in mice (NTP, 1996).

Humans
No information on the carcinogenicity of emodin in
humans was found in a search of the available
literature.

GENETIC TOXICITY

Emodin has shown mutagenic activity in several
in vitro assays when testing occurred in the presence
of metabolic activation enzymes. Results have not
always been consistent within an assay or among
testing laboratories, and no activity was demonstrated
in the single in vivo test that was reported.

No differential growth inhibition in DNA repair-
deficient strains of Bacillus subtilis (Ueno and
Kubota, 1976) or Escherichia coli (Fluck et al., 1976)
was observed after treatment with emodin, but
frame-shift mutations induced by emodin at the histi-
dine locus in Salmonella typhimurium strains TA1537
and/or TA1538 have been demonstrated by several
laboratories (Brown and Brown, 1976; Wehner et al.,
1979; Cheh et al., 1980; Liberman et al., 1980;
Tikkanen er al., 1983; Bruggeman and van der
Hoeven, 1984; Masuda and Ueno, 1984; Westendorf
et al., 1990; Krivobok et al., 1992). S9 activation
was required for the mutagenic response in
Salmonella tests. A recent comparative plate incorpo-
ration mutagenicity study with emodin using two
strains of S. typhimurium and two strains of E. coli
that are known to respond to chemicals that produce
reactive oxygen species demonstrated a two-fold
increase in revertants in S. fyphimurium strains
TA102 and TA2638 in the presence of S9 (Watanabe
et al., 1998). Neither of the two E. coli WP2
derivatives were mutated by emodin in this study.
Earlier Salmonella test data gave negative results with
emodin in strain TA102, tested over comparative
concentration ranges, with and without S9
(Westendorf et al., 1990; Krivobok et al., 1992).

Tests for induction of unscheduled DNA synthesis in
rat or mouse primary hepatocyte cultures have given
conflicting results, with Mori et al. (1984) reporting
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negative results and Westendorf et al. (1990) report-
ing positive results. Tests for induction of sister
chromatid exchanges in hamster V79 cells
(Bruggeman and van der Hoeven, 1984) gave negative
results for emodin. Gene mutation tests with emodin
at the HGPRT locus in hamster V79 cells also gave
conflicting results in different laboratories, with neg-
ative results reported by Bruggeman and van der
Hoeven (1984) and positive results reported by
Westendorf et al. (1990). In addition, weakly posi-
tive results were reported with emodin, in the absence
of S9, for gene mutation and micronucleus induction
in L5178Y mouse lymphoma cells (Miiller er al.,
1996). Emodin also induced micronuclei in Syrian
hamster embryo cells at concentrations from 13.75 to
25 pg/mL (Gibson et al., 1997); S9 was not required
for activation, as these cells are metabolically com-
petent. Emodin was also positive in the Syrian
hamster embryo cell transformation assay (Kerckaert
et al., 1996). Mueller ef al. (1998b) reported that
emodin mutagenicity in mammalian cell cultures is
directly influenced by its high serum protein binding
affinity and they suggested that weak or inconsistent
mutagenicity test results reported in earlier studies
with emodin may have resulted from the selective
scavenging of emodin by supplemental serum added
to the culture medium.

Despite the positive in vitro micronucleus test results
with emodin, results from an in vivo study in male
and female mice showed no induction of micronuclei
in bone marrow cells 24 or 48 hours after a single
oral dose of 2,000 mg/kg emodin (plasma levels up to
190 pg/mL emodin were measured) (Mengs et al.,
1997).

STUDY RATIONALE

Reports (Mori et al., 1985, 1986) that 1,8-dihydroxy-
anthraquinone, a commonly used laxative ingredient,
caused tumors in the gastrointestinal tract of rats
raised the possibility of an association between
colorectal cancer and the use of laxatives containing
anthraquinones. Because emodin is a hydroxyanthra-
quinone structurally similar to 1,8-dihydroxyanthra-
quinone, is present in herbal laxatives, and was
reported to be mutagenic in bacteria, it was con-
sidered a potential carcinogen and was selected for
in-depth evaluation.
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MATERIALS AND METHODS

PROCUREMENT

AND CHARACTERIZATION OF EMODIN
Emodin was obtained from Aldrich Chemical
Company (Milwaukee, WI) in four lots (99912ET,
EW11728DW, 06625DG, and 13309EG) and from
Pfaltz & Bauer, Inc. (Waterbury, CT), in one
lot (040221). Lot 99912ET was used during the
16-day studies, and lot EW11728DW was used during
the 14-week studies. All lots were combined as
lot SRI-A09/L7 and used during the 2-year studies.
Identity and purity analyses were conducted by the
analytical chemistry laboratory, Midwest Research
Institute (Kansas City, MO) and the study laboratory;
stability analyses were conducted by the analytical
chemistry laboratory (Appendix J). Reports on anal-
yses performed in support of the emodin studies are
on file at the National Institute of Environmental
Health Sciences.

The chemical, a fluffy, orange powder, was identified
as emodin by infrared, ultraviolet/visible, and nuclear
magnetic resonance spectroscopy. The purity of
lots 99912ET and EW11728DW was determined by
elemental analyses, Karl Fischer water analysis, func-
tional group titration, thin-layer chromatography
(TLC), and high-performance liquid chromatography
(HPLC) at the analytical chemistry laboratory. The
purity of lot SRI-A09/L7 was determined by
elemental analyses, Karl Fischer water analysis, gas
chromatography/mass spectroscopy (GC/MS), and
HPLC at the study laboratory.

For lot 99912ET, elemental analyses were in agree-
ment with the theoretical values for emodin. Karl
Fischer water analysis indicated less than 0.4 % water.
Functional group titration indicated a purity of
101.1% + 0.6%. TLC by two systems indicated a
major peak and two or three trace impurities. HPLC
at two wavelengths indicated one major peak and four
impurities with combined areas of 1.8% and 1.5%,
respectively, relative to the major peak area. The
cumulative data indicated a purity of approximately
98%.

For lot EW11728DW, elemental analyses for carbon
and hydrogen were in agreement with the theoretical
values for emodin. Karl Fischer water analysis
indicated 0.34% + 0.03% water. Functional group
titration indicated a purity of 93.7% + 0.5%. TLC
by both systems revealed one major peak and two
minor impurities. HPLC at both wavelengths (254
and 436 nm) indicated one major peak and three
impurities with combined areas of 7.0% and 6.2%,
respectively, relative to the major peak area. Major
peak comparisons of lot EW11728DW with
lot 99912ET by HPLC indicated a purity of
96.4% + 0.5% for lot EW11728DW relative to
lot 99912ET. The overall purity of lot EW11728DW
was determined to be approximately 94%.
Lot EW11728DW was further characterized by
HPLC/MS. Two impurity peaks with areas greater
than 1% relative to the major peak were resolved by
this system; one impurity, with a molecular weight of
254, was tentatively identified as 1,8-dihydroxy-
3-methylanthraquinone, and the other, with a
molecular weight of 284, as 1,8-dihydroxy-3-
methoxy-6-methylanthraquinone. HPLC by was used
to confirm the identity of and quantitate the impurity
with the molecular weight of 254; 2.13% + 0.2%
1,8-dihydroxy-3-methylanthraquinone was confirmed.
No standard for the second impurity was commer-
cially available.

For lot SRI-A09/L7, elemental analyses for carbon
and hydrogen were in agreement with the theoretical
values for emodin. Karl Fischer water analysis
indicated 0.94% + 0.13% water. GC/MS indicated
one major peak and two impurities with a combined
area of 3.4% relative to the major peak area; mass
spectra of these impurities were identical to those of
chrysophenic acid and physcion. HPLC indicated one
major peak and two impurities with a combined area
of 2.94% relative to the major peak area and con-
firmed the impurities as chrysophanic acid and
physcion. The overall purity of lot SRI-A09/L7 was
approximately 96.1%.
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Stability studies of the bulk chemical were performed
by the analytical chemistry laboratory using HPLC.
These studies indicated that emodin is stable for
2 weeks when stored protected from light at temper-
atures up to 60° C. To ensure stability, the bulk
chemical was stored at room temperature in sealed
containers protected from light. Stability was moni-
tored throughout the studies using HPLC. No degra-
dation of the bulk chemical was detected.

PREPARATION AND ANALYSIS

OF DOSE FORMULATIONS

The dose formulations were prepared once for the
16-day studies and every 2 weeks for the 14-week and
2-year studies by mixing emodin with feed (Table J2).
Formulations were stored in plastic bags in opaque
plastic buckets at room temperature for up to 3 weeks.
Homogeneity and stability studies of a 500 ppm dose
formulation were performed by the analytical chemi-
stry laboratory using HPLC. Homogeneity was
confirmed, and the stability of the dose formulations
was confirmed for 3 weeks at 5° C when stored in the
dark.

Periodic analyses of the dose formulations of emodin
were conducted at the study laboratory using HPLC.
Dose formulations were analyzed at the beginning of
the 16-day studies (Table J3), at the beginning,
midpoint, and end of the 14-week studies (Table J4),
and approximately every 10 weeks during the 2-year
studies (Table J5). All the dose formulations in the
16-day studies were within 10% of the target
concentrations. Of the dose formulations analyzed
during the 14-week studies, 20 of 22 were within 10%
of the target concentrations. The out-of-range
formulations were remixed and found to be within
acceptable limits. Of the dose formulations analyzed
during the 2-year studies, 148 of 156 for rats and 63
of 64 for mice were within 10% of the target
concentration with no value greater than 113 % (rats)
or 114 % (mice) of the target concentration. One out-
of-range dose formulation for rats and one for mice
were remixed. The remaining out-of-range rat dose
formulations were used; this did not affect the study
results. Results of periodic referee analyses per-
formed by the analytical chemistry laboratory during
the 14-week studies agreed with the results obtained
by the study laboratory (Table J6).
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16-DAY STUDIES

Male and female F344/N rats and B6C3F, mice were
obtained from Simonsen Laboratories, Inc.
(Gilroy, CA). On receipt, the rats and mice were
approximately 4 weeks old. Animals were quaran-
tined for 11 (rats) or 13 (mice) days and were 6 weeks
old on the first day of the studies. Groups of five
male and five female rats and mice were fed diets
containing 0, 600, 2,000, 5,500, 17,000, or
50,000 ppm emodin for 15 (males) or 16 (females)
days. Feed and water were available ad libitum. Rats
were housed five per cage; mice were housed indi-
vidually. Clinical findings were recorded twice daily,
and feed consumption was recorded weekly by cage.
The animals were weighed initially, weekly, and at
the end of the studies. Details of the study design and
animal maintenance are summarized in Table 1.

Necropsies were performed on all animals. The
heart, right kidney, liver, lungs, right testis, and
thymus were weighed. Histopathologic examinations
were performed on selected gross lesions (Table 1).

14-WEEK STUDIES

The 14-week studies were conducted to evaluate the
cumulative toxic effects of repeated exposure to
emodin and to determine the appropriate exposure
concentrations to be used in the 2-year studies.

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Farms (Germantown, NY).
On receipt, the rats and mice were approximately
4 weeks old. Animals were quarantined for 11 days
and were 6 weeks old on the first day of the studies.
Before initiation of the studies, five male and five
female rats and mice were randomly selected for
parasite evaluation and gross observation for evidence
of disease. At the end of the studies, serologic
analyses were performed on five male and five female
control rats and mice using the protocols of the NTP
Sentinel Animal Program (Appendix M).

Groups of 10 male and 10 female rats and mice were
fed diets containing 0, 312.5, 625, 1,250, 2,500, or
5,000 ppm emodin for 14 weeks. Additional groups
of 10 male and 10 female rats designated for special
studies were fed the same diets as the core study rats.
Feed and water were available ad libitum. Rats were
housed five per cage; mice were housed individually.
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Clinical findings and feed consumption were recorded
weekly. The animals were weighed initially, weekly,
and at the end of the studies. Details of the study
design and animal maintenance are summarized in
Table 1.

Hematology and clinical chemistry analyses were
performed on all special study male rats on days 5 and
22, all special study female rats on days 8 and 24, and
all core study rats surviving to study termination. At
all time points, animals were anesthetized with CO,,
and blood was collected from the retroorbital sinus.
Erythrocyte, platelet, and leukocyte counts, hemato-
crit values, and hemoglobin concentrations were
determined using a Technicon Hel analyzer
(Technicon Corp., Tarrytown, NY). Leukocyte dif-
ferentials, reticulocyte counts, and erythrocyte, leuko-
cyte, and platelet morphologies were determined
using light microscopy. Mean cell volume, mean cell
hemoglobin, and mean cell hemoglobin concentrations
were calculated from the analyses for hemoglobin
concentrations, hematocrit values, and erythrocyte
counts. Clinical chemistry parameters were deter-
mined using the Roche Cobas Fara chemistry analyzer
(Roche Diagnostic Systems, Inc., Montclair, NJ).
The parameters measured are listed in Table 1.

At the end of the 14-week studies, samples were
collected for sperm motility and vaginal cytology
evaluations from 0, 312.5, 1,250, and 5,000 ppm rats
and mice. The parameters evaluated are listed in
Table 1. Methods used were those described in the
NTP’s sperm morphology and vaginal cytology eval-
uations protocol (NTP, 1987). For 12 consecutive
days prior to scheduled terminal sacrifice, the vaginal
vaults of the females were moistened with saline, if
necessary, and samples of vaginal fluid and cells were
stained. Relative numbers of leukocytes, nucleated
epithelial cells, and large squamous epithelial cells
were determined and used to ascertain estrous cycle
stage (i.e., diestrus, proestrus, estrus, and metestrus).
Male animals were evaluated for sperm count and
motility. The left testis and left epididymis were
isolated and weighed. The tail of the epididymis
(cauda epididymis) was then removed from the epi-
didymal body (corpus epididymis) and weighed. Test
yolk (rats) or modified Tyrode’s buffer (mice) was
applied to slides and a small incision was made at the
distal border of the cauda epididymis. The sperm
effluxing from the incision were dispersed in the
buffer on the slides, and the numbers of motile and
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nonmotile spermatozoa were counted for five fields
per slide by two observers. Following completion of
sperm motility estimates, each left cauda epididymis
was placed in buffered saline solution. Caudae were
finely minced, and the tissue was incubated in the
saline solution and then heat fixed at 65° C. Sperm
density was then determined microscopically with the
aid of a hemacytometer. To quantify spermato-
genesis, the testicular spermatid head count was
determined by removing the tunica albuginea and
homogenizing the left testis in phosphate-buffered
saline containing 10% dimethyl sulfoxide. Homogeni-
zation-resistant spermatid nuclei were counted with a
hemacytometer.

Necropsies were performed on all core study animals.
The heart, right kidney, liver, lungs, right testis, and
thymus were weighed. Tissues for microscopic exam-
ination were fixed and preserved in 10% neutral
buffered formalin, processed and trimmed, embedded
in paraffin, sectioned to a thickness of approximately
5 wm, and stained with hematoxylin and eosin. A
complete histopathologic examination was performed
on all 0 and 5,000 ppm animals and animals that died
early. Table 1 lists the tissues and organs routinely
examined.

Paraffin sections of the kidneys (3 pm thick) from
three male rats in the 0, 1,250, and 2,500 ppm groups
were stained for proliferating cell nuclear antigen
(PCNA) as described by Nyska er al. (1997). Tissue
sections were incubated with a monoclonal antibody
to PCNA (PC 19 antibody; Dako Corp.,
Carpinteria, CA) with subsequent use of avidin-biotin
peroxidase (Vectastain ABC peroxidase kit; Vector
Laboratories, Inc., Burlingame, CA) for the detection
of antigen-antibody complex. Positive immuno-
staining for PCNA was identified using the chro-
mogen 3,3’'-diaminobenzidine tetrahydrochloride
(Sigma Chemical Corp., St. Louis, MO). Tissues
with a high rate of cell proliferation (e.g., duodenum,
gastric mucosa, or spleen) were included in each
section as a positive PCNA control. Negative con-
trols were prepared with normal rat serum. The
degree of renal cell proliferation was quantified by
counting the number of tubular epithelial cells in the
cortex with stained nuclei. At least 1,500 cells were
scored per animal, and the labeling index (LI) was
expressed as a percentage. All of the PCNA positive
cells appeared to be in S phase as determined by the
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degree of nuclear staining; therefore, only the LI was
quantified.

2-YEAR STUDIES
Study Design

Groups of 65 male and 65 female rats were fed diets
containing 0, 280, 830, or 2,500 ppm emodin for
105 weeks. Ten male and ten female rats from each
exposed group were necropsied at 6 months. Blood
samples were taken from five male and five female
rats in each exposed group at 3, 6, and 12 months for
plasma emodin concentrations; these rats and five
male and five female control rats were necropsied at
12 months. Groups of 60 male mice were fed diets
containing 0, 160, 312, or 625 ppm emodin for
105 weeks. Groups of 60 female mice were fed diets
containing 0, 312, 625, or 1,250 ppm emodin for
105 weeks. Ten male and ten female mice from each
group were necropsied at 12 months. The remaining
rats and mice from each group were necropsied at the
ends of the studies.

Source and Specification of Animals

Male and female F344/N rats and B6C3F, mice were
obtained from Taconic Laboratory Animals and
Services (Germantown, NY) for use in the 2-year
studies. Rats and mice were quarantined for 12 and
14 days, respectively, before the beginning of the
studies. Five male and five female rats and mice
were randomly selected for parasite evaluation and
gross observation of disease. At the beginning of the
studies, rats were approximately 6 weeks old and
mice were approximately 7 weeks old. The health of
the animals was monitored during the studies accord-
ing to the protocols of the NTP Sentinel Animal
Program (Appendix M).

Animal Maintenance

Male rats were housed three per cage and female rats
were housed five per cage. Male mice were housed
individually and female mice were housed five per
cage. Feed was available ad libitum except during
blood collection periods. Water was available
ad libitum. Feed consumption by cage was measured
during weeks 2 and 5 for rats, on weeks 1, 2, and
4 for mice, and then monthly thereafter for rats and
mice. Cages were changed twice weekly (rats and
female mice) or weekly (male mice). Cages and racks
were rotated every 2 weeks. Further details of animal
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maintenance are given in Table 1. Information on
feed composition and contaminants is provided in
Appendix L.

Clinical Examinations and Pathology

All animals were observed twice daily. Animal
weights were recorded initially, weekly for 13 weeks,
monthly thereafter, and at the end of the studies.
Clinical findings were recorded monthly.

Blood was taken from the retroorbital sinus of
five male and five female rats in each exposed group
at 3, 6, and 12 months for plasma emodin analyses.
Four different time points were selected to provide
plasma concentrations soon after the period of active
feeding (0800), after a period during which little or no
feeding occurs (1700), at the start of active feeding
(2000), and during the period of active feeding
(0300). Plasma was collected from two or three
males and females each at each time point. Blood
samples were taken from each animal at two times at
least 6 hours apart and placed in tubes containing
heparin. Samples were placed on ice, centrifuged,
and frozen until analysis.

Ten male and ten female rats per exposure group
were designated for interim evaluation at 6 months,
and five male and five female rats (including those
used for plasma emodin analyses) were designated for
evaluation at 12 months. Ten male and ten female
mice per exposure group were designated for interim
evaluation at 12 months.

Complete necropsies and microscopic examinations
were performed on all rats and mice. At the
12-month interim evaluations, the left and right
kidneys and the liver of rats and mice were weighed
and examined microscopically. At necropsy, all
organs and tissues were examined for grossly visible
lesions, and all major tissues were fixed and pre-
served in 10% neutral buffered formalin, processed
and trimmed, embedded in paraffin, sectioned to a
thickness of approximately 5 um, and stained with
hematoxylin and eosin for microscopic examination.
For all paired organs (e.g., adrenal gland, kidney,
ovary), samples from each organ were examined.
Tissues examined microscopically are listed in
Table 1.

Microscopic evaluations were completed by the study
laboratory pathologist, and the pathology data were
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entered into the Toxicology Data Management
System. The slides, paraffin blocks, and residual wet
tissues were sent to the NTP Archives for inventory,
slide/block match, and wet tissue audit. The slides,
individual animal data records, and pathology tables
were evaluated by an independent quality assessment
laboratory. The individual animal records and tables
were compared for accuracy, the slide and tissue
counts were verified, and the histotechnique was eval-
uated. For the 2-year studies, a quality assessment
pathologist evaluated slides from all tumors and all
potential target organs, which included the bone
marrow, kidney, liver, and spleen of male and female
rats, the pancreatic islets and prostate gland of male
rats, the uterus of female rats, the kidney, liver, lung,
spleen, thymus, and thyroid gland of male mice, and
the kidney, pituitary gland, and thyroid gland of
female mice. Step sections were made from the resid-
ual kidney wet tissue of male mice because of an
apparent trend for proliferative lesions observed in the
standard sections. An average of four additional
sections per kidney were taken at 0.5 mm intervals.

The quality assessment report and the reviewed slides
were submitted to the NTP Pathology Working Group
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(PWG) chairperson, who reviewed the selected tissues
and addressed any inconsistencies in the diagnoses
made by the laboratory and quality assessment pathol-
ogists. Representative histopathology slides con-
taining examples of lesions related to chemical
administration, examples of disagreements in diag-
noses between the laboratory and quality assessment
pathologists, or lesions of general interest were
presented by the chairperson to the PWG for review.
The PWG consisted of the quality assessment pathol-
ogist and other pathologists experienced in rodent
toxicologic pathology. This group examined the
tissues without any knowledge of dose groups or
previously rendered diagnoses. When the PWG con-
sensus differed from the opinion of the laboratory
pathologist, the diagnosis was changed. Final diag-
noses for reviewed lesions represent a consensus
between the laboratory pathologist, reviewing patholo-
gist(s), and the PWG. Details of these review
procedures have been described, in part, by Maronpot
and Boorman (1982) and Boorman et al. (1985). For
subsequent analyses of the pathology data, the deci-
sion of whether to evaluate the diagnosed lesions for
each tissue type separately or combined was generally
based on the guidelines of McConnell et al. (1986).
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TABLE 1
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Experimental Design and Materials and Methods in the Feed Studies of Emodin

16-Day Studies

14-Week Studies

2-Year Studies

Study Laboratory
Southern Research Institute
(Birmingham, AL)

Strain and Species
Rats: F344/N
Mice: B6C3F,

Animal Source
Simonsen Laboratories, Inc. (Gilroy, CA)

Time Held Before Studies
Rats: 11 days
Mice: 13 days

Average Age When Studies Began
6 weeks

Date of First Exposure
Rats: 18 April 1988
Mice: 20 April 1988

Duration of Exposure
15 days (males) or 16 days (females)

Date of Last Exposure
Rats: 2 (males) or 3 (females) May 1988
Mice: 4 (males) or 5 (females) May 1988

Necropsy Dates
Rats: 2 (males) or 3 (females) May 1988
Mice: 4 (males) or 5 (females) May 1988

Southern Research Institute
(Birmingham, AL)

Rats: F344/N
Mice: B6C3F,

Taconic Farms (Germantown, NY)

11 days

6 weeks

Rats: 30 October (males) or
2 November (females) 1989
Mice: 6 November 1989

14 weeks

Rats: 29-30 January (males) or
1-2 February (females) 1990
Mice: 5-6 February 1990

Rats: 29-30 January (males) or
1-2 February (females) 1990
Mice: 5-6 February 1990

Southern Research Institute
(Birmingham, AL)

Rats: F344/N
Mice: B6C3F,

Taconic Laboratory Animals and Services
(Germantown, NY)

Rats: 12 days
Mice: 14 days

Rats: 6 weeks
Mice: 7 weeks

Rats: 30 August 1994
Mice: 8 September 1994

105 weeks

Rats:  27-30 August 1996
Mice: 5-10 September 1996

Rats: 6-Month interim evaluation -
2 and 4 March 1995
12-Month interim evaluation -
29 August 1995
Terminal -
27-30 August 1996
Mice: 12-Month interim evaluation -
11-12 September 1995
Terminal -
5-10 September 1996
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Experimental Design and Materials and Methods in the Feed Studies of Emodin

16-Day Studies

14-Week Studies

2-Year Studies

Average Age at Necropsy
9 weeks

Size of Study Groups
5 males and 5 females

Method of Distribution

Animals were distributed randomly into
groups of approximately equal initial
mean body weights.

Animals per Cage
Rats: 5
Mice: 1

Method of Animal Identification
Toe clip

Diet

NIH-07 open formula meal diet (Zeigler
Brothers, Inc., Gardners, PA), available
ad libitum, changed weekly

Water

Tap water (Birmingham municipal supply)
via Edstrom automatic watering system
(Edstrom Industries, Inc., Waterford,
WI), available ad libitum

Cages

Solid-bottom polycarbonate (Lab
Products, Maywood, NJ), changed twice
weekly (rats) or weekly (mice)

Cage Filters
Reemay spun-bonded polyester (Andico,
Birmingham, AL), changed every 2 weeks

Bedding

Sani-chips® (P.J. Murphy Forest Products
Corp., Montville, NJ), changed twice
weekly (rats) or weekly (mice)

Racks

Stainless steel (Lab Products, Inc.,
Maywood, NJ), changed and rotated
every 2 weeks

Animal Room Environment
Temperature: 72° + 3° F

Relative humidity: 55% + 15%
Room fluorescent light: 12 hours/day
Room air changes: 15/hour

20 weeks

10 males and 10 females (core study)
10 males and 10 females (special study
rats only)

Same as 16-day studies

Rats: 5
Mice: 1

Tail tattoo

Same as 16-day studies

Same as 16-day studies

Same as 16-day studies

Same as 16-day studies

Same as 16-day studies

Same as 16-day studies

Temperature: 72° + 3° F

Relative humidity: 55% + 15%
Room fluorescent light: 12 hours/day
Room air changes: minimum 10/hour

Rats: 111 weeks
Mice: 111 to 112 weeks

Rats: 65 males and 65 females
Mice: 60 males and 60 females

Same as 16-day studies

Rats: 3 (males) or 5 (females)
Mice: 1 (males) or 5 (females)

Tail tattoo

NIH-07 open formula meal diet (Zeigler
Brothers, Inc., Gardners, PA), available
ad libitum except during blood collection
periods, changed weekly

Same as 16-day studies

Solid-bottom polycarbonate (Lab
Products, Maywood, NJ), changed twice
weekly (rats and female mice) or weekly
(male mice)

Same as 16-day studies

Same as 16-day studies

Same as 16-day studies

Temperature: 72° + 3° F

Relative humidity: 50% + 15%
Room fluorescent light: 12 hours/day
Room air changes: minimum 10/hour
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TABLE 1
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Experimental Design and Materials and Methods in the Feed Studies of Emodin

16-Day Studies

14-Week Studies

2-Year Studies

Exposure Concentrations
0, 600, 2,000, 5,500, 17,000, or
50,000 ppm in feed, available ad libitum

Type and Frequency of Observation
Animals were observed and clinical
findings recorded twice daily; animals
were weighed initially, weekly, and at the
end of the studies. Feed consumption was
recorded weekly by cage.

Method of Sacrifice
CO, asphyxiation

Necropsy

Necropsy performed on all animals.
Organs weighed were heart, right kidney,
liver, lungs, right testis, and thymus.

Clinical Pathology
None

0, 312.5, 625, 1,250, 2,500, or
5,000 ppm in feed, available ad libitum

Observed twice daily; animals were
weighed initially, weekly, and at the end
of the studies; clinical findings were
recorded weekly. Feed consumption was
recorded weekly by cage.

CO, asphyxiation

Necropsy performed on all core study
animals. Organs weighed were heart,
right kidney, liver, lungs, right testis, and
thymus.

Blood was collected from the retroorbital
sinus of special study male rats on days 5
and 22 and female rats on days 8 and 24
and from all core study rats surviving to
the end of the studies for hematology and
clinical chemistry analyses.

Hematology: hematocrit; hemoglobin
concentration; erythrocyte, nucleated
erythrocyte, reticulocyte, and platelet
counts; mean cell volume; mean cell
hemoglobin; mean cell hemoglobin
concentration; leukocyte count and
differentials; lymphocyte and atypical
lymphocyte counts

Clinical chemistry: urea nitrogen,
creatinine, total protein, albumin, alanine
aminotransferase, alkaline phosphatase,
creatine kinase, sorbitol dehydrogenase,
total bile acids

Rats: 0, 280, 830, or 2,500 ppm in feed,
available ad libitum

Mice: 0, 160, 312, or 625 ppm (males)
or 0, 312, 625, or 1,250 ppm
(females) in feed, available
ad libitum

Observed twice daily; animals were
weighed initially, weekly for 13 weeks,
monthly thereafter, and at the end of the
studies. Clinical findings were recorded
monthly. Feed consumption was recorded
during weeks 2 and 5 (rats) or weeks 1, 2,
and 4 (mice), then during 1 week each
month.

CO, asphyxiation

Necropsy performed on all animals.
Organs weighed were left and right
kidneys and liver of rats and mice
evaluated at 12 months.

None
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Experimental Design and Materials and Methods in the Feed Studies of Emodin

16-Day Studies

14-Week Studies

2-Year Studies

Histopathology

Microscopic examination was performed
on selected gross lesions in the kidney,
liver, lymph node, mesentery, thymus,
and uterus of rats and the adrenal gland,
forestomach, gallbladder, kidney, liver,
spleen, and thymus of mice.

Sperm Motility and Vaginal Cytology
None

Determination of Emodin in Plasma
None

In addition to gross lesions and tissue
masses the following tissues were
examined from 0 and 5,000 ppm animals
and animals that died early: adrenal
gland, bone and marrow, brain, clitoral
gland, esophagus, heart and aorta, large
intestine (cecum, colon, rectum), small
intestine (duodenum, jejunum, ileum),
kidney, liver, lung, lymph nodes
(mandibular, mesenteric), mammary
gland, nose, ovary, pancreas, parathyroid
gland, pituitary gland, preputial gland,
prostate gland, salivary gland, skin,
spleen, stomach (forestomach and
glandular), testis (with epididymis and
seminal vesicle), thymus, thyroid gland,
trachea, urinary bladder, and uterus. For
all remaining core study groups, the
kidney was examined.

At the end of the studies, sperm samples
were collected from 0, 312.5, 1,250, and
5,000 ppm males and evaluated for sperm
count and motility. The left testis, left
epididymis, and left cauda epididymis
were weighed. Vaginal samples were
collected for up to 12 consecutive days
prior to the end of the studies from 0,
312.5, 1,250, and 5,000 ppm females and
evaluated for the relative frequency of
estrous stages and for estrous cycle
length.

None

Complete histopathology was performed
on all rats and mice at 2 years. In
addition to gross lesions and tissue
masses, the following tissues were
examined: adrenal gland, bone and
marrow, brain, clitoral gland, esophagus,
gallbladder (mice), heart and aorta, large
intestine (cecum, colon, rectum), small
intestine (duodenum, jejunum, ileum),
kidney, liver, lung, lymph nodes
(mandibular, mesenteric), mammary
gland, nose, ovary, pancreas, parathyroid
gland, pituitary gland, preputial gland,
prostate gland, salivary gland, spleen,
stomach (forestomach and glandular),
testis (with epididymis and seminal
vesicle), thymus, thyroid gland, trachea,
urinary bladder, and uterus.
Additionally, the left and right kidneys
and the liver of rats and mice evaluated at
6 or 12 months were examined.

None

At 3, 6, and 12 months, blood was
collected from the retroorbital sinus of
two male and two female rats at two time
points (0800 and 2000) and from three
male and three female rats at two other
time points (1700 and 0300).
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STATISTICAL METHODS

Survival Analyses

The probability of survival was estimated by the
product-limit procedure of Kaplan and Meier (1958)
and is presented in the form of graphs. Animals
found dead of other than natural causes were censored
from the survival analyses; animals dying from
natural causes were not censored. Statistical analyses
for possible dose-related effects on survival used
Cox’s (1972) method for testing two groups for
equality and Tarone’s (1975) life table test to identify
dose-related trends. All reported P values for the
survival analyses are two sided.

Calculation of Incidence

The incidences of neoplasms or nonneoplastic lesions
are presented in Tables A1, AS, B1, BS, C1, C5, D1,
and D4 as the numbers of animals bearing such
lesions at a specific anatomic site and the numbers of
animals with that site examined microscopically. For
calculation of statistical significance, the incidences of
most neoplasms (Tables A3, B3, C3, and D3) and all
nonneoplastic lesions are given as the numbers of
animals affected at each site examined microscopi-
cally. However, when macroscopic examination was
required to detect neoplasms in certain tissues (e.g.,
harderian gland, intestine, mammary gland, and skin)
before microscopic evaluation, or when neoplasms
had multiple potential sites of occurrence (e.g., leu-
kemia or lymphoma), the denominators consist of the
number of animals on which a necropsy was per-
formed. Tables A3, B3, C3, and D3 also give the
survival-adjusted neoplasm rate for each group and
each site-specific neoplasm. This survival-adjusted
rate (based on the Poly-3 method described below)
accounts for differential mortality by assigning a
reduced risk of neoplasm, proportional to the third
power of the fraction of time on study, to animals that
do not reach terminal sacrifice.

Analysis of Neoplasm

and Nonneoplastic Lesion Incidences

The Poly-k test (Bailer and Portier, 1988; Portier and
Bailer, 1989; Piegorsch and Bailer, 1997) was used to
assess neoplasm and nonneoplastic lesion prevalence.
This test is a survival-adjusted quantal-response pro-
cedure that modifies the Cochran-Armitage linear
trend test to take survival differences into account.
More specifically, this method modifies the denomina-
tor in the quantal estimate of lesion incidence to
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approximate more closely the total number of animal
years at risk. For analysis of a given site, each
animal is assigned a risk weight. This value is one if
the animal had a lesion at that site or if it survived
until terminal sacrifice; if the animal died prior to
terminal sacrifice and did not have a lesion at that
site, its risk weight is the fraction of the entire study
time that it survived, raised to the kth power.

This method yields a lesion prevalence rate that
depends only upon the choice of a shape parameter
for a Weibull hazard function describing cumulative
lesion incidence over time (Bailer and Portier, 1988).
Unless otherwise specified, a value of k=3 was used
in the analysis of site-specific lesions. This value was
recommended by Bailer and Portier (1988) following
an evaluation of neoplasm onset time distributions for
a variety of site-specific neoplasms in control
F344 rats and B6C3F, mice (Portier et al., 1986).
Bailer and Portier (1988) showed that the Poly-3 test
gave valid results if the true value of k was anywhere
in the range from 1 to 5. A further advantage of the
Poly-3 method is that it does not require lesion
lethality assumptions. Variation introduced by the use
of risk weights, which reflect differential mortality,
was accommodated by adjusting the variance of the
Poly-3 statistic as recommended by Bieler and
Williams (1993).

Tests of significance included pairwise comparisons of
each exposed group with controls and a test for an
overall exposure-related trend. Continuity-corrected
Poly-3 tests were used in the analysis of lesion
incidence, and reported P values are one sided. The
significance of lower incidences or decreasing trends
in lesions are represented as 1-P with the letter N
added (e.g. P=0.99 is presented as P=0.01N). For
neoplasms and nonneoplastic lesions detected at the
interim evaluation, the Fisher exact test (Gart et al.,
1979), a procedure based on the overall proportion of
affected animals, was used.

Analysis of Continuous Variables

Two approaches were employed to assess the signifi-
cance of pairwise comparisons between exposed and
control groups in the analysis of continuous variables.
Organ and body weight data, which historically have
approximately normal distributions, were analyzed
with the parametric multiple comparison procedures
of Dunnett (1955) and Williams (1971, 1972). Hema-
tology, clinical chemistry, toxicokinetic, spermatid,
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and epididymal spermatozoal data, which have typi-
cally skewed distributions, were analyzed using the
nonparametric multiple comparison methods of
Shirley (1977) and Dunn (1964). Jonckheere’s test
(Jonckheere, 1954) was used to assess the significance
of the dose-related trends and to determine whether a
trend-sensitive test (Williams’ or Shirley’s test) was
more appropriate for pairwise comparisons than a test
that does not assume a monotonic dose-related trend
(Dunnett’s or Dunn’s test). Prior to statistical analy-
sis, extreme values identified by the outlier test of
Dixon and Massey (1951) were examined by NTP
personnel, and implausible values were eliminated
from the analysis. Average severity values were
analyzed for significance with the Mann-Whitney U
test (Hollander and Wolfe, 1973). Because vaginal
cytology data are proportions (the proportion of the
observation period that an animal was in a given
estrous stage), an arcsine transformation was used to
bring the data into closer conformance with a normal-
ity assumption. Treatment effects were investigated
by applying a multivariate analysis of variance
(Morrison, 1976) to the transformed data to test for
simultaneous equality of measurements across expo-
sure concentrations.

Historical Control Data

Although the concurrent control group is always the
first and most appropriate control group used for
evaluation, historical control data can be helpful in the
overall assessment of neoplasm incidence in certain
instances. Consequently, neoplasm incidences from
the NTP historical control database, which is updated
yearly, are included in the NTP reports for neoplasms
appearing to show compound-related effects.

QUALITY ASSURANCE METHODS

The 14-week and 2-year studies were conducted in
compliance with Food and Drug Administration Good
Laboratory Practice Regulations (21 CFR, Part 58).
In addition, as records from the 2-year studies were
submitted to the NTP Archives, these studies were
audited retrospectively by an independent quality
assurance contractor. Separate audits covered com-
pleteness and accuracy of the pathology data, pathol-
ogy specimens, final pathology tables, and a draft of
this NTP Technical Report. Audit procedures and
findings are presented in the reports and are on file at
NIEHS. The audit findings were reviewed and
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assessed by NTP staff, and all comments were
resolved or otherwise addressed during the prepara-
tion of this Technical Report.

GENETIC TOXICOLOGY

The genetic toxicity of emodin was assessed by testing
the ability of the chemical to induce mutations in
various strains of Salmonella typhimurium, chromo-
somal aberrations in cultured Chinese hamster ovary
cells, micronucleated erythrocytes in mouse and rat
bone marrow, and increases in the frequency of
micronucleated erythrocytes in mouse peripheral
blood. The protocols for these studies and the results
are given in Appendix E.

The genetic toxicity studies of emodin are part of a
larger effort by the NTP to develop a comprehensive
database that would permit a critical anticipation of a
chemical’s carcinogenicity in experimental animals
based on numerous considerations, including the
molecular structure of the chemical and its observed
effects in short-term in vitro and in vivo genetic tox-
icity tests (structure-activity relationships). These
short-term genetic toxicity tests were originally devel-
oped to clarify mechanisms of chemical-induced DNA
damage growing out of the earlier electrophilicity/
mutagenicity relationship proposed by Miller and
Miller (1977) and the somatic mutation theory of
cancer (Straus, 1981; Crawford, 1985). Therefore,
the information obtained from these tests applies only
to mutagenic carcinogens.

For mutagenic carcinogens, the combination of DNA
reactivity and Salmonella mutagenicity is highly
correlated with the induction of carcinogenicity in
multiple species and genders of rodents and at
multiple tissue sites (Ashby and Tennant, 1991). Data
from NTP studies show that a positive response in
Salmonella is the most predictive in vitro test for
rodent carcinogenicity (89% of the Salmonella
mutagens are rodent carcinogens) and that there is no
complementarity among the in vitro genetic toxicity
tests (Tennant ez al., 1987; Zeiger et al., 1990). That
is, no battery of tests that included the Salmonella test
improved the predictivity of the Salmonella test alone.
Although other in vitro genetic toxicity tests correlate
less well with rodent carcinogenicity compared with
the Salmonella test, these other tests can provide
useful information on the types of DNA and
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chromosomal effects induced by the chemical under
investigation.

The predictivity for carcinogenicity of a positive
response in the acute in vivo bone marrow chromo-
some aberration test or micronucleus test appears to
be less than that in the Salmonella test (Shelby et al.,
1993; Shelby and Witt, 1995). However, clearly
positive results in long-term peripheral blood
micronucleus tests are associated with high
predictivity for rodent carcinogenicity (Witt et al.,
2000); negative results in this assay do not correlate

Emodin, NTP TR 493

well with either negative or positive results in rodent
carcinogenicity studies. Because of the theoretical
and observed associations between induced genetic
damage and adverse effects in somatic and germ cells,
the determination of in vivo genetic effects is impor-
tant to the overall understanding of the risks associ-
ated with exposure to a particular chemical. Most
organic chemicals that are identified by the Interna-
tional Agency for Research on Cancer as human car-
cinogens, other than hormones, are genotoxic. The
vast majority of these are detected by both the
Salmonella assay and rodent bone marrow cytogenet-
ics tests (Shelby, 1988; Shelby and Zeiger, 1990).



31

RESULTS

RATS

16-DAY STUDY

Three female rats died before the end of the study
(Table 2). The final mean body weights and body
weight gains of males and females receiving
5,500 ppm or greater were significantly less than
those of the controls; female rats in the 50,000 ppm
group lost weight during the study. Feed consump-
tion by males and females receiving 17,000 or
50,000 ppm was decreased throughout the study.
Dietary concentrations of 600, 2,000, 5,500, 17,000,
and 50,000 ppm emodin resulted in average daily
doses of approximately 50, 170, 480, 1,400, and

TABLE 2

3,700 mg emodin/kg body weight to males and 50,
160, 460, 1,250, and 2,000 mg/kg to females. Pink-
to yellow-colored fur was noted for all male and
female rats exposed to 2,000 ppm or greater; reddish-
brown staining of the anal area was also noted for
all male and female rats exposed to 17,000 or
50,000 ppm. Pink to yellow urine was noted in all
exposed groups of females. All males and most
females receiving 17,000 or 50,000 ppm had diar-
rhea. Emaciation and inactivity were observed in all
females receiving 50,000 ppm.

Survival, Mean Body Weights, and Feed Consumption of Rats in the 16-Day Feed Study of Emodin

Final Weight

Mean Body WeightIJ (g) Relative Feed
Concentration Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week1  Week 2
Male
0 5/5 123 + 4 200 + 6 77 £ 2 15.7 16.8
600 5/5 120 + 5 192 + 6 72 + 1 96 14.6 15.6
2,000 5/5 123 + 4 201 + 5 77 £ 2 101 15.7 16.3
5,500 5/5 120 + 3 175 + 5%* 55 + 4%* 88 13.4 14.9
17,000 5/5 105 + 4* 149 + 6** 44 + 8** 75 10.2 12.8
50,000 5/5 120 + 4 136 + 6** 16 + 7** 68 8.5 10.3
Female
0 5/5 107 £ 3 143 + 2 37 +2 11.6 11.2
600 5/5 105 + 4 137 + 4 32 +3 96 11.4 10.9
2,000 5/5 107 £ 3 138 £ 3 32 +1 97 11.0 10.6
5,500 5/5 106 + 3 133 + 1* 27 + 2% 93 10.9 10.3
17,000 5/5 107 £ 3 117 £ 4%%* 10 £+ 3%* 82 7.4 9.4
50,000 2/54 108 + 3 88 + 6%* -26 + 9** 62 2.6 4.4

*  Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

a

Number of animals surviving at 15 (males) or 16 days (females)/number initially in group

Weights and weight changes are given as mean + standard error. Subsequent calculations are based on animals surviving to the end of the

study.
c

Day of death: 12,14,15

Feed consumption is expressed as grams of feed consumed per animal per day.
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Absolute kidney weights of males receiving 17,000 or
50,000 ppm were significantly less and relative
weights were significantly greater than those of the
controls (Table G1). Relative kidney weights of
females receiving 17,000 or 50,000 ppm were signif-
icantly increased. Relative testis weights of males
receiving 5,500 ppm or greater were significantly
increased. Absolute thymus weights of males receiv-
ing 5,500 ppm or greater and females receiving
17,000 or 50,000 ppm and relative thymus weights of
males receiving 17,000 ppm and males and females
receiving 50,000 ppm were significantly decreased.
Other organ weight differences were related to
decreased body weights.

When examined grossly, kidneys from some of the
rats in the 17,000 or 50,000 ppm groups were mottled
or contained pale or yellowish foci. One male and
two females exposed to 17,000 ppm and two males
and five females exposed to 50,000 ppm were
examined microscopically. In all of these rats, eval-
uation revealed suppurative inflammation, fibrosis,
renal tubule epithelial hyperplasia, and renal tubule
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dilatation and necrosis, and the severities of these
lesions generally increased with increasing exposure
concentration. Often, dilated tubules contained elon-
gated clefts in a thin proteinaceous matrix, presum-
ably resulting from the presence of crystals of emodin
or a metabolite; these crystals were removed during
histologic processing.

Exposure Concentration Selection Rationale: Based
on the significant reduction in body weights, weight
gain, and feed consumption and the presence of histo-
logic lesions in the kidney of male and female rats
exposed to 17,000 or 50,000 ppm, these concentra-
tions were considered too high for the 14-week study.
Although the final mean body weight of male rats
exposed to 5,500 ppm was 12 % lower than that of the
controls, the final mean body weight of females
exposed to 5,500 ppm was within 7% of the control
value. Moreover, no compound-related histologic
lesions were observed in males and females exposed
to 5,500 ppm. Therefore, 5,500 ppm was considered
appropriate for the highest exposure concentration in
the 14-week study in rats.
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14-WEEK STUDY

All male rats survived to the end of the study; two
female rats died prior to terminal sacrifice after being
bled for clinical pathology analyses (Table 3). Final
mean body weights and body weight gains of males
exposed to 2,500 ppm or greater and females exposed
to 1,250 ppm or greater were significantly less than
those of the controls. During the first week of the
study, feed consumption by males exposed to 2,500 or
5,000 ppm and females exposed to 5,000 ppm was
less than that by the controls. Feed consumption by
these groups was similar to that by the controls for the

TABLE 3
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remainder of the study. Dietary concentrations of
312.5, 625, 1,250, 2,500, and 5,000 ppm emodin
resulted in average daily doses of approximately 20,
40, 80, 170, and 340 mg/kg to males and females.
All exposed groups of rats had an exposure con-
centration related body color change pattern from
yellow to red, which appeared earlier in the study as
the exposure concentration increased. Colored feces
were observed for one male exposed to 5,000 ppm.
Diarrhea and discolored bedding were observed at
various times in all groups of exposed rats.

Survival, Body Weights, and Feed Consumption of Rats in the 14-Week Feed Study of Emodin

Final Weight
Mean Body Weight® (g) Relative Feed
Concentration Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 1 Week 14
Male
0 10/10 131 + 4 360 + 6 229 + 7 14 17
312.5 10/10 126 + 4 358 + 4 232 +£3 99 14 18
625 10/10 127 £ 3 360 + 9 233 + 7 100 14 18
1,250 10/10 128 + 3 357 £ 6 230 + 7 99 12 18
2,500 10/10 121 + 3 326 + 6%* 205 + 5%* 91 10 18
5,000 10/10 130 £ 5 326 + 6%* 196 + 4%* 91 9 18
Female
0 10/10 115 + 2 194 + 2 79 +2 11 9
312.5 10/10 112 + 3 196 + 3 84 +2 101 11 10
625 10/10 114 + 2 194 + 3 80 + 2 100 11 11
1,250 10/10 113 +£2 185 + 2% 72 + 3* 95 10 9
2,500 10/10 108 + 2 176 + 3** 68 + 3** 91 9 10
5,000 10/10 115 + 3 181 + 2%* 66 + 2** 93 8 10

* Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

*k P<0.01
2 Number of animals surviving at 14 weeks/number initially in group

Weights and weight changes are given as mean + standard error.
c

Feed consumption is expressed as grams of feed consumed per animal per day.
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At the first time point (day 5, males; day 8, females),
there was evidence of a minimal treatment-related
erythrocytosis, demonstrated by increased hematocrit
values, hemoglobin concentrations, and erythrocyte
counts in males exposed to 1,250 ppm or greater and
in females exposed to 5,000 ppm (Table F1). The
erythrocytosis was transient and was no longer
apparent by the second time point (day 22, males;
day 24, females). In male rats, the erythrocytosis was
accompanied by decreased reticulocyte counts. At
week 14, increased platelet counts occurred in males
and females receiving 2,500 or 5,000 ppm. Also, at
week 14, increased leukocyte counts occurred in
females receiving 2,500 or 5,000 ppm. The leukocy-
tosis was characterized by increased segmented
neutrophil counts. Evidence suggesting a treatment-
related erythropoietic effect was demonstrated by very
minimal decreases in mean cell hemoglobin values
and mean cell volumes. Alterations of mean cell
hemoglobin values occurred on day 24 in females
receiving 5,000 ppm and at week 14 in males
receiving 2,500 or 5,000 ppm and females receiving
1,250 ppm or greater. Decreased mean cell volumes
on day 5 and at week 14 occurred in males receiving
5,000 ppm and in females on day 24 receiving
2,500 or 5,000 ppm. While the changes in mean cell
hemoglobin and mean cell volume were suggestive of
a response to treatment, the decreases were so
minimal that they were not considered biologically
significant.

The transient decreases in serum activity of alkaline
phosphatase that occurred during the first week of the
study for various male and all female exposed groups
(Table F1) would be consistent with the decreased
feed consumption (Table 3). Also, during the first
week, there were minimal increases in alanine amino-
transferase activity in males receiving 1,250 ppm or
greater and females receiving 5,000 ppm. This ala-
nine aminotransferase effect also was transient and no
longer apparent on day 22 or 24. At week 14, total
protein and albumin concentrations were decreased in
the 2,500 and 5,000 ppm female groups. Other
clinical chemistry changes were minimal and sporadic
or did not demonstrate a relationship to treatment and
were not considered toxicologically relevant.

Relative kidney weights were significantly increased
in male rats receiving 1,250 ppm or greater, relative

Emodin, NTP TR 493

lung weights were significantly increased in males
receiving 625 ppm or greater, and relative testis
weights were increased in males receiving 2,500 or
5,000 ppm (Table G2). Increases in absolute organ
weights in males were not treatment related. Relative
kidney weights were significantly increased in females
receiving 625 ppm or greater, and relative liver and
lung weights were increased in females receiving
625 ppm or greater. The absolute kidney weight of
females receiving 5,000 ppm was significantly
increased, and absolute thymus weights of females
receiving 2,500 or 5,000 ppm were significantly
decreased. Differences in other organ weights were
considered incidental and not related to emodin
exposure.

No significant differences in sperm motility between
the exposed and control groups were observed
(Table H1). The estrous cycle length was signifi-
cantly increased in females exposed to 1,250 or
5,000 ppm (Table H2).

Histologic lesions associated with emodin exposure
were observed only in the kidney of males and
females (Table 4). The severity of these lesions was
graded on the percentage of renal tubules with hyaline
droplets or abnormal amounts of pigment. Minimal
severity equated to 10% or less of renal tubules
affected, mild severity to 11% to 30%, moderate
severity to 31% to 75 %, and marked severity to 76 %
or greater. Coarse, intensely stained, red-orange oval
pigment granules were present in the cytoplasm of
cortical epithelial cells in one male exposed to
625 ppm, all males exposed to 1,250 ppm or greater,
and in all groups of exposed females. The granules
did not condense in tubule lumens but were present
only in the cytoplasm of epithelial cells of the proxi-
mal and distal tubules of the cortex. Hyaline droplets
were present in the cytoplasm of cortical epithelial
cells of all exposed groups of males and in females
exposed to 312.5, 625, or 1,250 ppm. In males, the
severities of hyaline droplets increased to a maximum
at 1,250 ppm and then decreased at higher exposure
concentrations. In females, the severities increased
with increasing exposure concentration in the affected
groups. No significant differences were noted in the
mean labeling index among any of the proliferating
cell nuclear antigen-stained groups.
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TABLE 4
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Incidences of Nonneoplastic Lesions and Mean Labeling Indices of the Kidney in Rats

in the 14-Week Feed Study of Emodin

0 ppm 312.5 ppm 625 ppm 1,250 ppm 2,500 ppm 5,000 ppm

Male
Number Examined Microscopically 10 10 10 10 10 10

Renal Tubule Hyaline Droplet? 0 10%* (2.3)b 10%* (2.4) 10** (3.0) 10%* (1.4) 10%* (1.8)

Renal Tubule Pigmentation 0 0 1 (1.0) 10%* (1.0) 10%* (1.5) 10%* (2.0)
Proliferating Cell Nuclear Antigen Staining® 3 0 0 3 0 3

Mean Labeling Index (%) 0.34 0.40 0.45
Female
Number Examined Microscopically 10 10 10 10 10 10

Renal Tubule Hyaline Droplet 0 10** (1.2) 10** (1.1) 10** (1.9) 0 0

Renal Tubule Pigmentation 0 10** (1.0) 10%* (1.1) 10%* (1.5) 10%* (1.0) 10%* (2.0)

** Significantly different (P<0.01) from the control group by the Fisher exact test

& Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2 =mild, 3=moderate, 4 =marked

¢ Number of animals with mean labeling index determined

Exposure Concentration Selection Rationale: The
responses of male and female rats exposed to 2,500 or
5,000 ppm were very similar. Mean body weights of
groups exposed to 2,500 or 5,000 ppm were less than
the control (7% to 9%) and other exposed groups
throughout the 14-week study. Additionally, kidney
lesions were very similar between these two groups
although the severity of pigmentation was greater at
5,000 ppm than at 2,500 ppm. However, the

observed kidney lesions were not considered the type
that would affect survival in a long-term study.
Because the responses at 2,500 and 5,000 ppm were
very similar and the use of 5,000 ppm in a long-term
study would have increased the potential for toxicity,
2,500 ppm was considered adequate as the highest
exposure concentration for the 2-year study. The
lower exposure concentrations selected were 280 and
830 ppm.
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2-YEAR STUDY

Survival

Estimates of 2-year survival probabilities for male and
female rats are shown in Table 5 and in the
Kaplan-Meier survival curves (Figure 1). Survival of
all exposed groups of male and female rats was
similar to that of the control groups.

Body Weights, Feed and Compound

Consumption, and Clinical Findings
Mean body weights of rats in the 2,500 ppm groups
were less than those of controls beginning at week 2

TABLE 5
Survival of Rats in the 2-Year Feed Study of Emodin
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of the study (Tables 6 and 7 and Figure 2). Feed
consumption by exposed groups was similar to that
by the controls throughout the study (Tables K1
and K2). Dietary concentrations of 280, 830, and
2,500 ppm delivered average daily doses of approxi-
mately 110, 320, and 1,000 mg/kg to males and
120, 370, and 1,100 mg/kg to females. There were
no clinical findings that could be attributed to
emodin exposure.

0 ppm 280 ppm 830 ppm 2,500 ppm

Male

Animals initially in study 65 65 65 65
6-Month interim evaluation® 10 10 10 10
12-Month interim evaluation? 5 5 5 5
Moribund 17 26 27 16
Natural deaths 3 3 2 4
Animals surviving to study termination 30 21 21 30
Percent probability of survival at end of studyIJ 60 42 42 60
Mean survival (days)® 659 665 663 680
Survival analysisd P=0.396N P=0.145 P=0.154 P=1.000N
Female

Animals initially in study 65 65 65 65
6-Month interim evaluation 10 10 10 10
12-Month interim evaluation 5 5 5 5
Moribund 12 8 11 15
Natural deaths 5 3 4 1
Animals surviving to study termination 33 39 35 34
Percent probability of survival at end of study 66 78 70 68
Mean survival (days) 695 704 699 693
Survival analysis P=0.762 P=0.285N P=0.76IN P=1.000N

Censored from survival analyses
Kaplan-Meier determinations
Mean of all deaths (uncensored and terminal sacrifice)

oo o

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons (Cox,

1972) with the controls are in the exposed group columns. A negative trend or lower mortality in an exposure group is indicated by N.
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Kaplan-Meier Survival Curves for Male and Female Rats
Exposed to Emodin in Feed for 2 Years
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TABLE 6
Mean Body Weights and Survival of Male Rats in the 2-Year Feed Study of Emodin

Weeks 0 ppm 280 ppm 830 ppm 2,500 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors
1 139 60 135 97 60 134 97 60 133 96 60
2 178 60 175 98 60 171 96 60 160 90 60
3 214 60 208 97 60 204 95 60 192 90 60
4 242 60 235 97 60 230 95 60 211 87 60
5 264 60 260 99 60 253 96 60 236 90 60
6 283 60 278 98 60 269 95 60 253 90 60
7 299 60 294 98 60 286 96 60 269 90 60
8 313 60 307 98 60 298 95 60 278 89 60
9 325 60 319 98 60 310 96 60 291 89 60
10 328 60 323 99 60 321 98 60 302 92 60
11 342 60 338 99 60 330 96 60 314 92 60
12 352 60 345 98 60 336 96 60 319 91 60
13 359 60 356 99 60 344 96 60 330 92 60
17 386 60 382 99 60 373 97 60 356 92 60
21 405 59 400 99 60 390 96 60 369 91 60
25 420 59 416 99 60 404 96 60 387 92 60
294 438 49 431 98 50 423 97 50 398 91 50
33 448 48 443 99 50 434 97 50 412 92 50
37 461 48 457 99 50 445 97 50 427 93 50
41 464 48 457 99 50 449 97 50 431 93 49
45 467 47 465 100 50 458 98 50 436 94 49
49 471 47 468 100 50 460 98 50 440 94 49
53 473 47 469 99 50 458 97 50 441 93 49
57 474 47 472 100 50 464 98 48 444 94 49
61 472 46 468 99 50 459 97 48 440 93 49
65 471 46 465 99 50 458 97 48 440 94 49
69 472 45 465 99 48 459 97 48 440 93 48
73 471 45 464 99 47 457 97 47 443 94 47
77 471 44 464 99 45 457 97 45 442 94 47
81 472 44 462 98 42 454 96 44 443 94 46
85 465 44 460 99 41 456 98 43 443 95 46
89 459 38 449 98 37 444 97 38 434 95 39
93 456 37 445 98 32 431 95 33 430 94 38
97 452 36 432 96 31 429 95 30 427 95 35
101 449 33 427 95 26 420 94 25 417 93 34
Mean for weeks
1-13 280 275 98 268 96 253 91
14-52 440 435 99 426 97 406 92
53-101 466 457 98 450 97 437 94

Interim evaluation occurred during week 27.
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TABLE 7
Mean Body Weights and Survival of Female Rats in the 2-Year Feed Study of Emodin

Weeks 0 ppm 280 ppm 830 ppm 2,500 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (g) Survivors (g) controls) Survivors (g) controls) Survivors (g) controls) Survivors
1 111 60 109 99 60 109 98 60 108 97 60
2 131 60 129 99 60 128 98 60 124 95 60
3 145 60 141 97 60 139 96 60 134 93 60
4 153 60 150 99 60 148 97 60 142 93 60
5 163 60 161 99 60 157 96 60 152 93 60
6 169 60 165 98 60 163 96 60 157 93 60
7 176 60 173 98 60 170 97 60 164 93 60
8 180 60 176 98 60 175 97 60 170 94 60
9 183 60 180 98 60 177 97 60 173 95 60
10 185 60 183 99 60 180 97 60 176 95 60
11 190 60 187 99 60 185 98 60 180 95 60
12 192 60 190 99 60 187 98 60 185 96 60
13 195 60 192 99 60 189 97 60 186 95 60
17 205 60 203 99 60 199 97 60 198 97 60
21 211 60 209 99 60 205 97 60 202 96 60
25 219 60 214 98 60 211 96 60 209 95 60
294 226 50 222 98 50 217 96 50 217 96 50
33 235 50 228 97 50 226 96 50 222 95 50
37 241 50 233 97 50 230 96 49 224 93 50
41 247 50 240 97 50 237 96 49 232 94 50
45 255 50 247 97 50 243 95 49 237 93 50
49 265 50 253 96 50 250 95 49 245 93 50
53 268 50 256 95 50 253 94 49 247 92 49
57 274 50 263 96 50 260 95 49 253 93 49
61 282 50 269 95 49 268 95 49 260 92 49
65 292 49 277 95 49 278 95 49 272 93 49
69 301 49 286 95 49 287 95 49 279 93 49
73 308 48 293 95 49 294 95 49 289 94 49
77 319 47 302 95 49 300 94 48 296 93 48
81 324 46 303 93 49 308 95 47 296 91 48
85 331 46 316 96 47 314 95 47 304 92 47
89 333 44 317 95 45 318 96 45 302 91 42
93 330 40 319 97 43 317 96 45 308 93 41
97 336 39 326 97 41 320 95 42 310 92 38
101 336 37 331 98 40 331 98 39 314 94 35
Mean for weeks
1-13 167 164 99 162 97 158 94
14-52 234 228 98 224 96 221 95
53-101 310 297 96 296 95 287 93

Interim evaluation occurred during week 27.
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Determinations of Emodin in Plasma

The mean concentrations of emodin in plasma
determined at 3, 6, and 12 months in exposed rats are
presented in Appendix I. Four different time points
were selected to provide plasma concentrations soon
after the period of active feeding (0800), after a
period during which little or no feeding occurs
(1700), at the start of active feeding (2000), and
during the period of active feeding (0300). Plasma
was collected from two or three males and females

41

at each time point. Plasma levels at 6 months were
generally lower than those at 3 months in the
2,500 ppm group; levels at 12 months were the
lowest. Plasma levels between 0800 and 1700 were
reduced by one-third to one-half in most groups. This
reduction occurred more slowly than might be
expected with a 2- to 4-hour terminal phase half-life;
this may be due in part to a lack of homogeneity in
the times when the animals ceased their nighttime
feeding.
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Pathology and Statistical Analyses

This section describes the statistically significant or
biologically noteworthy changes in the incidences of
mononuclear cell leukemia and neoplasms and/or non-
neoplastic lesions of the Zymbal’s gland, pituitary
gland, nose, kidney, liver, spleen, and bone marrow.
Summaries of the incidences of neoplasms and non-
neoplastic lesions, individual animal tumor diagnoses,
statistical analyses of primary neoplasms that occurred
with an incidence of at least 5% in at least one animal
group, and historical incidences for the neoplasms
mentioned in this section are presented in Appendix A
for male rats and Appendix B for female rats.

Zymbal’s Gland: Zymbal’s gland carcinomas were
noted in three female rats exposed to 2,500 ppm
(O ppm, 0/50; 280 ppm, 0/50; 830 ppm, 0/50;
2,500 ppm, 3/50; Table B3). Two of the carcinomas
were well differentiated, containing neoplastic seba-
ceous cells and squamous epithelium with keratin; the
third carcinoma consisted of poorly differentiated,
highly invasive neoplastic islands. This range of mor-
phology is typically described in spontaneous neo-
plasms in rats (Seely, 1991). Single cases of the same
neoplasm were also seen in one male rat exposed to
280 ppm and in one 2,500 ppm male rat (0/50, 1/50,
0/50, 1/50; Table Al). The incidence of carcinoma
in 2,500 ppm females exceeded the range in historical
controls in 2-year NTP feed studies (Table B4a). The
historical incidence for Zymbal’s gland carcinoma in
untreated male rats is 9/904 (1.0% =+ 1.2%; range,
0%-4%).

Pituitary Gland: The incidences of adenoma of the
pars distalis in female rats were significantly increased
in the 830 and 2,500 ppm groups compared to the
control group (15/49, 21/50, 25/49, 25/49;
Table B3). However, the incidences in the exposed
groups were similar to the historical control incidence
of 443/893 (49.5% + 12.0%; range, 33%-72%).
The significantly increased incidences appear to be
related to the unusually low incidence in the con-
current control group (31%), which is just below the
range in historical controls, rather than an effect of
exposure to emodin. Additionally, there was no
increase in the incidence of hyperplasia (13/49, 10/50,
3/49, 5/49; Table B5) in females and no evidence of
an increase in the incidence of proliferative lesions in
male rats (Tables A1 and A5). For these reasons, the
increased incidences of pars distalis adenomas in
females were not considered to be exposure related.
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Nose: Squamous cell carcinomas were noted in the
nasal cavity of two male rats exposed to 2,500 ppm
(0/50, 0/50, 0/50, 2/50; Table Al). The carcinomas
were located at the first and second levels of the nasal
cavity. In one rat, the carcinomas appeared to origi-
nate from the nasal septa, while in the other animal,
the carcinoma seemed to originate from the maxillo-
turbinate and the base of the nasal cavity. In both
cases, the carcinomas were well differentiated,
showing keratinization and formation of typical kera-
tin pearls. Extensive invasion into the surrounding
underlying tissue was evident, as was superficial
secondary inflammation. Squamous cell carcinomas
are rare in F344/N rats; the historical control range
for squamous cell carcinomas in feed studies is 0% to
2% (Table A4a). However, no other lesions were
present in the nose. The absence of preneoplastic
lesions or other chemical-related lesions is consistent
with an absence of response to chemical exposure in
the nose. Therefore, the two squamous cell carcino-
mas were considered unrelated to emodin exposure.

Kidney: At the 6- and 12-month interim evaluations
and at 2 years, emodin-related increases in the inci-
dences of hyaline droplets in renal tubule epithelial
cells in the kidney were observed in all exposed
groups (Tables 8, A5, and B5). The incidences of
renal tubule pigmentation were significantly increased
in all exposed groups of males at 2 years. The severi-
ties of these lesions ranged from minimal to moderate
and generally increased with increasing exposure
concentration. (Severity was graded using the criteria
discussed for the 14-week study.)

At the end of the 2-year study, renal tubule hyaline
droplets were observed in males and females in all
exposed groups; a dose-related, increased severity
was more evident among the female groups. The
hyaline droplets consisted of variably sized, spherical,
homogenous eosinophilic to light brown pigmented
globules, 3 to 15 u in diameter. The globules were
located within the cytoplasm of the proximal tubule
epithelium (Plate 1). In the controls, the globules
were limited to the deeper cortex, while in the
exposed groups the globules extended to the majority
of the cortex (Plate 2). The globules were similar to
those noted in the 14-week study. At the interim
evaluations, the hyaline droplets in males generally
were eosinophilic with smaller numbers of brown
droplets; in females, the hyaline droplets commonly
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TABLE 8
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Incidences of Nonneoplastic Lesions of the Kidney in Rats in the 2-Year Feed Study of Emodin

0 ppm 280 ppm 830 ppm 2,500 ppm
Male
6-Month Interim Evaluation
Number Examined Microscopically 10 10 10 10
Renal Tubule Hyaline Droplet® 0 10%** (2.4)b 10** (2.8) 10%* (2.5)
Renal Tubule Pigmentation 10 (1.0) 10 (1.0) 10 (1.0) 10 (1.9
12-Month Interim Evaluation
Number Examined Microscopically 5 5 5 5
Renal Tubule Hyaline Droplet 0 5%% (2.2) 5%% (2.6) 5%% (2.8)
Renal Tubule Pigmentation 5 (1.0 5 (1.0) 5 (1.0) 4 (1.3)
2-Year Study
Number Examined Microscopically 50 50 50 50
Renal Tubule Hyaline Droplet 3 (1.0 45%* (2.0) 43%* (1.8) 43%* (1.7)
Renal Tubule Pigmentation 35 (1.3) 47%* (1.8) 49** (1.8) 50%* (2.1)
Female
6-Month Interim Evaluation
Number Examined Microscopically 10 10 10 10
Renal Tubule Hyaline Droplet 6 (1.0) 10* (1.0) 10* (1.3) 10* (2.4)
Renal Tubule Pigmentation 10 (1.0) 10 (1.0) 10 (1.3) 10 (2.5
12-Month Interim Evaluation
Number Examined Microscopically 5 5 5 5
Renal Tubule Hyaline Droplet 3 (1.7 5 (2.6) 5 (2.4 5 3.0
Renal Tubule Pigmentation 5 (1.4 5 (2.0 5 (1.8) 5 3.0
2-Year Study
Number Examined Microscopically 49 50 49 50
Renal Tubule Hyaline Droplet 22 (1.6) 49%* (2.1) 49%* (2.6) 50** (3.0)
Renal Tubule Pigmentation 45 (1.2) 49 (1.4) 49 (2.4 50 (3.0)

*  Significantly different (P<0.05) from the control group by the Fisher exact test (interim evaluations) or the Poly-3 test (2-year study)

** P<0.01
4 Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4 =marked

were brown with smaller numbers of eosinophilic
droplets. At 2 years, the droplets were commonly
brown. The globules were positive for PAS but
negative for iron (Gomori’s Prussian blue), bile
pigment (Hall’s stain), lipofuscin (Schmorl’s stain),
and protein (Mallory-Heidenhain) (Plate 3). Most of
the changes identified in the kidney of rats were not
consistent with those generally observed with
a2u nephropathy. There was no obvious exacerbation
of nephropathy as is generally associated with «2u
induction. Linear mineralization of the renal medulla,

sometimes associated with «2u nephropathy, was not
observed in this study.

Exposure concentration-related increases in the severi-
ties of renal tubule pigmentation were noted in all
exposed groups of males and females. The pigmenta-
tion had the same morphologic characteristics as
described in the 14-week study in rats. The pigment
consisted of fine to coarse brown granules in the cyto-
plasm of renal tubule epithelial cells and interstitial
macrophages of affected tubules. These pigmented



44

deposits were primarily located near the level of the
corticomedullary junction. The pigmented granules
stained negative for PAS and iron (Prussian blue).

Mononuclear Cell Leukemia: There were negative
trends in the incidences of mononuclear cell leukemia
in male and female rats (Tables 9, A3, and B3), and
the incidences in the 2,500 ppm groups were signifi-
cantly less than those in the controls. The decreased
incidences were particularly evident in the liver,
spleen, and bone marrow, which are among the
organs most frequently affected by mononuclear cell
leukemia. The incidence in females exposed to
2,500 ppm was below the historical control range
(Table B4b); the incidence in 2,500 ppm males was at
the lower end of the historical control range
(Table A4b).

TABLE 9

Emodin, NTP TR 493

Other Organs: There were increased incidences of
clear cell and eosinophilic foci of the liver and hema-
topoietic cell proliferation and pigmentation (hemosid-
erin) of the spleen in females exposed to 2,500 ppm
(Tables 10 and B5). The incidence of bone marrow
hyperplasia in males exposed to 2,500 ppm was
increased (Tables 10 and AS5). Liver foci and splenic
hematopoietic cell proliferation and pigmentation are
common spontaneous changes observed in rats.
Often, in severe cases of mononuclear cell leukemia,
these spontaneous changes either do not occur or are
not recognized histologically. This is because severe
mononuclear cell leukemia causes significant altera-
tions in the architecture of the livers and spleens that
mask the spontaneous lesions. In the present study,
the incidences of mononuclear cell leukemia were
significantly decreased in males and females exposed

Incidences of Mononuclear Cell Leukemia in Rats in the 2-Year Feed Study of Emodin

0 ppm 280 ppm 830 ppm 2,500 ppm
Male
Mononuclear Cell Leukemia®
Overall rate 28/50 (56 %) 31/50 (62 %) 29/50 (58%) 18/50 (36%)
Adjusted rate® 61.5% 65.1% 63.7% 38.7%
Terminal rate 16/30 (53%) 7/21 (33%) 11/21 (52%) 6/30 (20%)
First incidence (days) 284 491 373 266
Poly-3 test® P=0.003N P=0.442 P=0.500 P=0.02IN
Female
Mononuclear Cell Leukemia’
Overall rate 14/50 (28%) 17/50 (34%) 16/50 (32%) 3/50 (6%)
Adjusted rate 30.1% 35.6% 33.5% 6.7%
Terminal rate 7/33 21%) 12/39 (31%) 9/35 (26%) 1/34 (3%)
First incidence (days) 448 575 527 603
Poly-3 test P<0.001N P=0.361 P=0.445 P=0.003N

range, 32%-74%

o a0 o

Observed incidence at terminal kill

Number of animals with neoplasm per number of animals necropsied
Poly-3 estimated neoplasm incidence after adjustment for intercurrent mortality

Beneath the control incidence are the P values associated with the trend test.

Historical incidence for 2-year feed studies with untreated control groups (mean + standard deviation): 494/904 (54.7% + 11.2%);

Beneath the exposed group incidence are the P values

corresponding to pairwise comparisons between the controls and that exposed group. The Poly-3 test accounts for differential mortality in
animals that do not reach terminal sacrifice. A negative trend or a lower incidence in an exposure group is indicated by N.

f Historical incidence: 261/901 (29.0% + 7.8%); range, 16%-42%
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TABLE 10
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Incidences of Selected Nonneoplastic Lesions in Rats in the 2-Year Feed Study of Emodin

0 ppm 280 ppm 830 ppm 2,500 ppm
Male
Liver® 50 50 50 50
Clear Cell Focus® 7 7 9 13
Eosinophilic Focus 6 8 6 10
Bile Duct, Hyperplasia 33 2.4)° 24 (2.7) 20%* (2.6) 14+ (2.2)
Spleen 50 50 50 50
Hematopoietic Cell Proliferation 3 (3.0 5 2.2 4 (2.8) 8 (2.3
Pigmentation 1 (3.0 2 (3.0 4 (3.0 4 (3.3
Bone Marrow 50 50 50 50
Hyperplasia 3 29 5 (2.6) 3 (3.0 11* (2.8)
Female
Liver 49 50 50 50
Clear Cell Focus 2 10* 4 11%%*
Eosinophilic Focus 18 10 18 27*
Spleen 50 50 50 50
Hematopoietic Cell Proliferation 27 (1.7) 24 (1.6) 31 (1.6) 40%* (1.7)
Pigmentation 30 (2.6) 30 (2.9 35 (2.7 43%* (2.8)

*  Significantly different (P<0.05) from the control group by the Poly-3 test

** P<0.01
4 Number of animals with tissue examined microscopically

Number of animals with lesion
C

to 2,500 ppm, making it easier to observe the spon-
taneous changes in the liver and spleen. Therefore,
the increased incidences of liver and spleen lesions
observed in females exposed to 2,500 ppm are con-
sidered secondary to the low incidence of mono-
nuclear cell leukemia in this group. Because the bone
marrow is also commonly involved in mononuclear
cell leukemia, the marginal increase in the incidence
of hyperplasia in males exposed to 2,500 ppm could
also be explained by the decreased incidence of
mononuclear cell leukemia in this group.

Average severity grade of lesions in affected animals: 1=minimal, 2 =mild, 3=moderate, 4 =marked

The incidences of bile duct hyperplasia decreased with
exposure concentration in male rats. Bile duct hyper-
plasia is a common spontaneous change in rats but
also can be secondary to liver damage caused by the
presence of mononuclear cell leukemia.  The
decreased incidence of bile duct hyperplasia in
2,500 ppm males could be explained by the reduced
incidence of mononuclear cell leukemia in this group;
the decreased incidences of bile duct hyperplasia in
the 280 and 830 ppm groups suggest that the
mononuclear cell leukemia was not as advanced.
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MICE

16-DAY STUDY

All mice administered 50,000 ppm died before the
end of the study, and mice in the 17,000 ppm groups
lost weight during the study (Table 11). Feed con-
sumption by 5,550 ppm females was greater than that
by the controls throughout the study. Dietary concen-
trations of 600, 2,000, 5,500, and 17,000 ppm
emodin resulted in average daily doses of approxi-
mately 120, 400, 1,200, and 3,800 mg/kg to males
and 140, 530, 1,600, and 5,000 mg/kg to females.

TABLE 11

Emodin, NTP TR 493

The average daily doses for males and females
exposed to 50,000 ppm were not calculated due to
high mortality. Yellow or orange urine was observed
in all exposed groups. Orange or yellow and orange
fur was noted in groups receiving 5,500 ppm or
greater. Females in the 5,500 and 17,000 ppm
groups were emaciated. Diarrhea was noted for two
males receiving 17,000 ppm and for one female each
in the 5,500, 17,000, and 50,000 ppm groups.

Survival, Mean Body Weights, and Feed Consumption of Mice in the 16-Day Feed Study of Emodin

Final Weight
Mean Body Weight® (g) Relative Feed
Concentration Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week 1  Week 2
Male
0 5/5 240 £ 0.4 26.5 + 0.5 25403 5.4 5.3
600 5/5 23.9 + 0.5 26.0 + 0.8 2.1+04 98 5.0 5.1
2,000 5/5 23.6 + 0.4 26.0 + 0.9 2.4 4+ 0.6 98 4.8 5.1
5,500 5/5 23.2 £ 0.5 24.6 + 0.5 1.4 £ 0.6 93 5.4 5.1
17,000 5/5 23.0+ 1.0 21.7 + 0.5%* -1.3 + 0.7** 82 4.4 5.4
50,000 o/5¢ 21.4 + 1.1 — — — — —
Female
0 5/5 18.4 + 0.2 215+ 0.2 3.0+ 0.2 4.9 5.3
600 5/5 185 £ 0.5 21.4 £ 0.2 29+04 100 4.3 5.5
2,000 5/5 182 + 0.4 215403 33+0.4 100 5.3 5.8
5,500 5/5 18.6 +£ 0.5 20.5 £ 0.7 1.9 £ 03 95 5.2 6.2
17,000 5/5 18.2 £ 0.2 16.7 + 0.8** -1.5 + 0.9%* 78 4.7 55
50,000 0/5° 18.3 £ 0.1 — — — — —

** Significantly different (P<0.01) from the control group by Williams’ test

a

Number of animals surviving at 15 (males) or 16 days (females)/number initially in group

Weights and weight changes are given as mean + standard error. No final mean body weights were calculated for groups with

100% mortality.

Day of death: 2,2,5,5,6
Day of death: 4,4,4,5,5

o Ao

Feed consumption is expressed as grams of feed consumed per animal per day.
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The relative testis weight of 17,000 ppm males and
the relative kidney weight of 17,000 ppm females
were significantly greater than those of the controls;
absolute and relative thymus weights of 5,500 and
17,000 ppm males and females were significantly less
(Table G4). Other organ weight differences were
related to decreased body weights.

The gallbladders of mice from the 17,000 ppm group
contained pale particulate material that was grossly
visible. Microscopic examination of the gallbladders
revealed the presence of golden-yellow elongate
(needle-like) crystals. Inflammation was present in

47

gallbladders from the 5,500, 17,000, and 50,000 ppm
groups. Crystalline material within the renal tubules
and an associated inflammation, necrosis, and fibrosis
were present at 5,500, 17,000, and 50,000 ppm.

Exposure Concentration Selection Rationale: Based
on 100% mortality at 50,000 ppm and reduced body
weights and kidney lesions that occurred in the
17,000 ppm groups, these exposure concentrations
were considered too high for the 14-week study;
5,000 ppm was selected as the highest exposure
concentration.
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14-WEEK STUDY

All mice survived to the end of the study (Table 12).
Final mean body weights and body weight gains of
males exposed to 2,500 or 5,000 ppm were signifi-
cantly less than those of the controls. Feed consump-
tion by exposed groups was generally similar to that
by controls. Dietary concentrations of 312.5, 625,
1,250, 2,500, and 5,000 ppm emodin resulted in aver-
age daily doses of approximately 50, 100, 190, 400,
and 800 mg/kg to males and 60, 130, 240, 500, and
1,100 mg/kg to females. In all exposed groups, color
changes were noted in the urine, skin, and fur. Urine
and urine stains were orange or more often red with
increasing exposure concentration. In male mice,

TABLE 12

Emodin, NTP TR 493

colored feces were noted in groups exposed to 312.5,
2,500, or 5,000 ppm, and diarrhea was recorded for
groups exposed to 2,500 or 5,000 ppm. Colored
feces and diarrhea were noted in groups of females
receiving 1,250 ppm or greater.

Relative kidney weights of male mice exposed to
1,250 ppm or greater, relative lung weights of males
exposed to 625 ppm or greater, and relative liver
weights of female mice exposed to 625 ppm or greater
were increased compared to the control groups
(Table GS). Differences in relative weights of other
organs were attributed to body weight differences.

Survival, Body Weights, and Feed Consumption of Mice in the 14-Week Feed Study of Emodin

Mean Body WeightIJ (g)

Final Weight
Relative Feed

Concentration Survival® Initial Final Change to Controls Consumption®
(ppm) (%) Week1 Week 14
Male
0 10/10 24.0 £+ 04 372 + 1.0 13.3 £ 0.8 4.8 4.3
312.5 10/10 239+ 0.3 36.3 + 0.6 124 +£ 0.5 98 5.0 4.2
625 10/10 235+ 04 354 + 0.5 11.9 £ 0.5 95 4.5 4.5
1,250 10/10 242 + 04 37.4 + 0.6 13.2 +£ 0.6 100 5.0 4.5
2,500 10/10 23.2 + 0.6 33.8 + 0.4%* 10.6 + 0.5%* 91 4.8 4.3
5,000 10/10 234+ 0.5 34.1 + 0.7%* 10.7 £+ 0.7%* 92 5.3 4.4
Female
0 10/10 18.7 £ 0.3 29.3 £ 0.8 10.5 £ 0.7 4.8 4.4
312.5 10/10 18.5 £ 0.2 29.6 + 0.7 11.1 +£ 0.6 101 4.5 5.0
625 10/10 18.6 + 0.3 320+ 1.0 13.4 + 0.9% 109 5.5 5.3
1,250 10/10 18.7 £ 0.3 29.6 + 0.7 109 +£ 0.5 101 5.1 4.8
2,500 10/10 18.6 +£ 0.1 30.4 +£ 0.7 11.8 £ 0.7 104 4.7 4.4
5,000 10/10 18.4 + 0.2 279 + 0.6 95+0.5 95 5.0 5.1

*  Significantly different (P<0.05) from the control group by Williams’ or Dunnett’s test

** P<0.01

a

Number of animals surviving at 14 weeks/number initially in group

Weights and weight changes are given as mean + standard error.

C

Feed consumption is expressed as grams of feed consumed per animal per day.
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No significant differences in sperm motility or in vag-
inal cytology parameters between exposed and control
groups were observed (Tables H3 and H4).

Histopathologic changes related to emodin exposure
were confined to the kidney and involved the renal
tubules (Table 13; severity was graded using the
criteria discussed for the 14-week rat study). The
incidences and severities of nephropathy were
increased in groups exposed to 1,250 ppm or greater.
Nephropathy, resembling the nephropathy commonly
observed as a minor background lesion in untreated
control mice, was more severe and frequent in the
emodin-treated male mice. Nephropathy consisted of
a focal or segmental lesion, principally involving the
cortex, characterized by tubules that were either lined
by flattened hyperchromatic epithelial cells or by
hyperplastic epithelium, thickened basement mem-
branes, and proliferation of fibrous connective tissue
of the interstitium. Glomeruli had thickened basement
membranes and hypertrophy and hyperplasia of the
epithelium lining Bowman’s capsule. Lumenal,
obstructive, brownish-red to almost black deposits
were noted in the renal cortical and collecting tubules
in all exposed groups of males and in females exposed
to 1,250 ppm or greater, and the severities of renal
tubule pigmentation generally increased with increas-
ing exposure concentration.

TABLE 13
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Exposure Concentration Selection Rationale: Expo-
sure concentration selection for the 2-year mouse
study was based primarily on the response observed
in the kidney. Pigmentation was present in the
kidneys of all exposed groups of males, and both the
incidence and severity increased with increasing
exposure concentration. Minimal nephropathy was
present in one control male, one male from the
312.5 ppm group, and in one male from the 625 ppm
group. However, at 1,250 ppm the incidence and
severity of nephropathy and the incidence of pigmen-
tation increased sharply. Based on this response,
1,250 ppm was considered too high for a 2-year
study, and the highest exposure concentration chosen
for male mice was 625 ppm with lower exposure con-
centrations of 312 and 160 ppm.

Nephropathy and pigmentation of the kidney were
present in female mice receiving 1,250 ppm or
greater; however, the incidence and severity were
sharply increased only in the 5,000 ppm group.
Because the responses at 1,250 and 2,500 ppm were
very similar and the potential for cumulative toxicity
was less at 1,250 ppm, the highest exposure concen-
tration chosen for the 2-year study in female mice was
1,250 ppm. The lower exposure concentrations
selected were 625 and 312 ppm.

Incidences of Nonneoplastic Lesions of the Kidney in Mice in the 14-Week Feed Study of Emodin

0 ppm 312.5 ppm 625 ppm 1,250 ppm 2,500 ppm 5,000 ppm
Male
Number Examined Microscopically 10 10 10 10 10 10
Nephropathy? 1 (1.0P 1 (1.0 1 (1.0) 7% (2.1) 10%* (2.1) 9%* (2.3)
Renal Tubule Pigmentation 0 3 (1.0 4% (1.3) 8** (1.3) 10%* (1.8) 10%* (1.8)
Female
Number Examined Microscopically 10 10 10 10 10 10
Nephropathy 1 (1.0 0 0 3 (1.0 4 (1.3) 10%* (1.6)
Renal Tubule Pigmentation 0 0 0 5% (1.2) 5% (1.4) 9** (1.7)

*  Significantly different (P<0.05) from the control group by the Fisher exact test

*#* P<(0.01
2 Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4=marked
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2-YEAR STUDY

Survival

Estimates of 2-year survival probabilities for male and
female mice are shown in Table 14 and in the
Kaplan-Meier survival curves (Figure 3). Survival of
all exposed groups of male and female mice was
similar to that of the control groups.

Body Weights, Feed and Compound

Consumption, and Clinical Findings
Mean body weights of exposed mice were similar to
those of control mice throughout the study (Tables 15

TABLE 14
Survival of Mice in the 2-Year Feed Study of Emodin

Emodin, NTP TR 493

and 16 and Figure 4). No differences in feed con-
sumption were noted between exposed and control
control groups (Tables K3 and K4). Dietary con-
centrations of 160, 312, and 625 ppm delivered
average daily doses of approximately 15, 35, and
70 mg/kg to males. Dietary concentrations of 312,
625, and 1,250 ppm delivered average daily doses of
approximately 30, 60, and 120 mg/kg to females.
There were no clinical findings that could be attri-
buted to emodin exposure.

0 ppm 160 ppm 312 ppm 625 ppm
Male
Animals initially in study 60 60 60 60
12-Month interim evaluation? 10 10 10 10
Moribund 4 6 6 7
Natural deaths 5 7 4
Animals surviving to study termination 41 37 40 43
Percent probability of survival at end of studyb 82 74 80 86
Mean survival (days)® 715 702 708 713
Survival analysisd P=0.47IN P=0.428 P=0.949 P=0.796N

0 ppm 312 ppm 625 ppm 1,250 ppm
Female
Animals initially in study 60 60 60 60
12-Month interim evaluation 10 10 10 10
Moribund 7 9 2 7
Natural deaths 6 2 7 7
Accidental deaths 1
Animals surviving to study termination 37 39 40 36
Percent probability of survival at end of study 74 78 82 72
Mean survival (days) 702 701 707 704
Survival analysis P=0.880 P=0.805N P=0.405N P=1.000

Censored from survival analyses
Kaplan-Meier determinations
Mean of all deaths (uncensored and terminal sacrifice)

o6 o e

The result of the life table trend test (Tarone, 1975) is in the control column, and the results of the life table pairwise comparisons (Cox,

1972) with the controls are in the exposed group columns. A negative trend or lower mortality in an exposure group is indicated by N.
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Kaplan-Meier Survival Curves for Male and Female Mice
Exposed to Emodin in Feed for 2 Years
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TABLE 15
Mean Body Weights and Survival of Male Mice in the 2-Year Feed Study of Emodin

Weeks 0 ppm 160 ppm 312 ppm 625 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (€3] Survivors (€] controls) Survivors (g) controls) Survivors (g) controls) Survivors
1 23.8 60 23.8 100 60 24.0 101 60 23.5 99 60
2 25.7 60 25.5 99 60 25.7 100 60 25.5 99 60
3 27.1 60 26.9 99 60 26.8 99 60 26.9 99 60
4 27.8 60 27.4 99 60 27.6 99 60 27.5 99 60
5 28.7 60 28.3 99 60 28.6 100 60 28.5 99 60
6 29.6 60 29.4 99 60 29.5 100 60 29.3 99 60
7 30.3 60 30.2 100 60 30.6 101 60 30.2 100 60
8 31.4 60 31.2 99 60 31.3 100 60 31.2 99 60
9 31.7 60 31.3 99 60 31.6 100 60 31.4 99 60
10 32.4 60 323 100 60 32.4 100 60 32.4 100 60
11 33.7 60 33.3 99 60 335 99 60 335 99 60
12 34.3 60 33.8 99 60 34.0 99 60 33.9 99 60
13 34.9 60 34.4 99 60 34.4 99 60 34.6 99 60
17 37.7 60 37.3 99 60 37.5 100 60 37.8 100 60
21 40.5 60 40.1 99 60 40.5 100 60 40.3 100 60
25 41.7 60 41.2 99 60 41.5 100 60 41.4 99 60
29 44.6 60 43.4 97 60 43.5 98 60 43.4 97 60
33 46.2 60 44.7 97 60 45.3 98 60 45.0 97 60
37 48.0 60 47.0 98 60 47.2 98 60 46.8 98 60
41 48.4 60 47.8 99 60 47.9 99 60 47.3 98 60
45 48.9 60 48.5 99 60 48.5 99 59 48.2 99 59
49 49.5 60 49.0 99 60 49.0 99 60 48.8 99 59
53 49.2 60 48.8 99 60 48.5 99 60 48.2 98 59
572 49.9 50 48.7 98 50 49.1 98 50 48.6 97 49
61 50.2 50 49.2 98 50 50.0 100 50 49.3 98 49
65 50.4 50 49.3 98 49 50.0 99 50 49.4 98 49
69 50.5 50 49.7 98 48 50.0 99 50 49.8 99 49
73 51.1 50 50.2 98 48 50.1 98 49 49.8 98 49
77 50.2 50 49.1 98 48 49.2 98 49 49.0 98 49
81 50.0 49 48.7 97 47 49.3 99 48 49.0 98 49
85 50.3 49 49.3 98 47 50.6 101 45 49.6 99 49
89 49.9 49 48.6 97 47 49.8 100 45 49.2 99 48
93 50.6 45 49.7 98 42 50.0 99 44 49.4 98 46
97 50.1 44 49.2 98 42 49.5 99 44 48.7 97 46
101 49.6 42 48.7 98 39 48.8 98 42 48.3 97 45
Mean for weeks
1-13 30.1 29.8 99 30.0 100 29.9 99
14-52 45.1 44.3 98 44.5 99 44.3 99
53-101 50.2 49.2 98 49.6 99 49.1 98

4 Interim evaluation occurred during week 53.
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TABLE 16

Mean Body Weights and Survival of Female Mice in the 2-Year Feed Study of Emodin

53

Weeks 0 ppm 312 ppm 625 ppm 1,250 ppm
on Av. Wt. No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of Av. Wt. Wt. (% of No. of
Study (€3] Survivors (€] controls) Survivors (g) controls) Survivors (g) controls) Survivors
1 18.5 60 18.5 100 60 18.5 100 60 18.6 101 60
2 20.7 60 20.4 99 60 20.5 99 60 20.3 98 60
3 20.9 60 20.0 96 60 20.4 98 60 19.8 95 60
4 19.6 60 21.4 109 60 20.7 106 60 21.7 111 60
5 21.2 60 20.7 98 60 21.1 100 60 21.6 102 60
6 22.8 60 22.6 99 60 23.1 101 60 22.7 100 60
7 23.6 60 23.5 100 60 23.5 100 60 23.5 100 60
8 23.0 60 23.3 101 60 23.2 101 60 24.1 105 60
9 23.5 60 242 103 60 23.4 100 60 24.6 105 60
10 25.7 60 25.4 99 60 25.6 100 60 25.8 100 60
11 25.6 60 25.1 98 60 25.5 100 60 25.9 101 60
12 26.3 60 26.4 100 60 26.4 100 60 26.9 102 60
16 29.9 60 29.9 100 60 30.6 102 59 30.6 102 60
20 31.6 60 32.6 103 60 33.2 105 59 32.6 103 60
24 34.5 60 34.9 101 60 35.1 102 59 36.0 104 60
28 36.8 60 36.9 100 60 37.4 102 59 37.4 102 60
32 39.4 60 39.0 99 60 39.8 101 59 39.2 100 60
36 41.6 60 41.5 100 60 4.2 101 59 41.8 101 60
40 44.7 60 43.6 98 60 44.6 100 59 43.6 98 60
44 45.5 60 45.3 100 60 46.5 102 59 45.2 99 60
48 46.2 60 46.3 100 60 46.7 101 59 45.7 99 60
52 48.5 60 47.2 97 60 48.1 99 59 47.8 99 60
562 49.8 50 48.6 98 50 50.3 101 49 49.3 99 50
60 50.7 50 50.9 100 49 51.4 101 49 51.0 101 50
64 51.6 50 52.3 101 49 52.5 102 49 52.0 101 49
68 53.3 50 54.3 102 48 54.7 103 48 53.8 101 49
72 56.1 49 55.7 99 47 55.9 100 48 54.8 98 49
76 55.6 49 56.0 101 46 55.7 100 48 55.2 99 47
80 56.5 47 56.3 100 45 56.3 100 48 55.6 98 47
84 58.0 47 57.5 99 45 57.3 99 48 56.5 97 47
88 58.7 43 57.5 98 45 58.2 99 48 56.2 96 45
92 57.2 42 57.1 100 44 57.3 100 47 55.5 97 45
96 58.5 41 58.1 99 43 58.1 99 46 55.3 95 43
100 57.7 39 57.0 99 42 56.0 97 44 54.2 94 38
Mean for weeks
1-13 22.6 22.6 100 22.7 100 23.0 102
14-52 39.9 39.7 100 40.4 102 40.0 101
53-100 55.3 55.1 100 55.3 100 54.1 98

a

Interim evaluation occurred during week 53.
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FIGURE 4

Growth Curves for Male and Female Mice Exposed to Emodin in Feed for 2 Year:
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Pathology and Statistical Analyses

This section describes the statistically significant or
biologically noteworthy changes in the incidences of
malignant lymphoma and neoplasms and nonneo-
plastic lesions of the kidney and lung. Summaries of
the incidences of neoplasms and nonneoplastic lesions,
individual animal tumor diagnoses, statistical analyses
of primary neoplasms that occurred with an incidence
of at least 5% in at least one animal group, and his-
torical incidences for the neoplasms mentioned in this
section are presented in Appendix C for male mice
and Appendix D for female mice.

Kidney: Although not significantly increased, there
were rare renal tubule neoplasms in the kidney of
males. The incidence of adenoma or carcinoma
(combined) in males exposed to 312 ppm exceeded the
historical control range (Tables 17, C1, and C4a).
Renal tubule hyperplasia, adenoma, and carcinoma
are considered to represent a morphologic and bio-
logic continuum of proliferative lesions; however,
there was no significant increase in the incidences of
hyperplasia. Initially, a single H&E-stained section of
each kidney was prepared and evaluated microscop-
ically. Past experience has shown that microscopic
examination of additional sections of the kidney
results in identification of additional proliferative
lesions and has been helpful in assessing a potential
chemical-related effect in the kidney. In this study,
additional sections of the remaining formalin-fixed
kidneys were taken at 0.5-mm intervals, resulting in
approximately four additional sections per animal. A
single additional adenoma was identified in a
625 ppm male (Table 17).

Hyperplasia was generally a focal, minimal to mod-
erate lesion consisting of tubules that were dilated two
to five times the normal diameter and were lined by
increased numbers of tubule epithelial cells that par-
tially or totally filled the tubule lumen. Usually, it
was associated with dilatation of the tubule. Cells
within the hyperplastic lesions varied slightly in size
but otherwise appeared similar to normal tubule
epithelial cells. Renal tubule adenomas were larger,
discrete lesions, generally ranging from five tubules
in diameter up to approximately 1 cm. Cells within
adenomas consisted of relatively normal-appearing
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tubule epithelial cells that sometimes formed solid
masses of multiple clusters of cells. Renal tubule
carcinomas were larger than adenomas, associated
with hemorrhage, necrosis or local invasion, and
cellular anaplasia or atypia.

At the 12-month interim evaluation, the severity of
nephropathy was slightly increased in males exposed
to 625 ppm (Table 17; severity was graded using the
criteria discussed for the 14-week rat study). Also at
12 months, the severity of nephropathy increased
from minimal to mild in females exposed to
1,250 ppm; the incidence in this group was signifi-
cantly increased (Tables 17 and D4). At 2 years, the
severities of nephropathy were slightly increased in
males receiving 625 ppm and females receiving
1,250 ppm. The incidences of nephropathy were sig-
nificantly increased in all exposed female groups.
The increased severities and incidences of nephrop-
athy in the 2-year studies were considered to be
exposure related, which was consistent with the
treatment-related nephropathy in the 14-week studies
and the 12-month interim evaluation.

The nephropathy was focal in distribution, mainly
located in the cortical tubules and to a lesser extent
involving the glomeruli. The nephropathy observed
in the exposed groups was similar to that ordinarily
seen as an age-related change in control mice. In the
glomeruli and Bowman’s capsule, the basement mem-
brane was thickened, while the Bowman’s capsule
epithelial cells were atrophic or regenerated. Prolif-
eration of fibrous tissue and adhesions between the
glomeruli to their capsules were also present. In the
tubules, the range of changes included atrophy and
regeneration of epithelial cells, thickening of the
basement membranes, proliferation of fibrous tissue,
the presence of lumenal proteinaceous material and
casts, and the presence of lumenal exudate and cysts.

At the 12-month interim evaluation, the incidences of
renal tubule pigmentation were significantly increased
in all exposed male groups and in females exposed to
625 or 1,250 ppm (Tables 17, C5, and D4). The
severities increased with increasing exposure concen-
tration. At 2 years, the incidences of renal tubule
pigmentation were significantly increased in all
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TABLE 17
Incidences of Neoplasms and Nonneoplastic Lesions of the Kidney in Mice
in the 2-Year Feed Study of Emodin

0 ppm 160 ppm 312 ppm 625 ppm

Male

12-Month Interim Evaluation

Number Examined Microscopically 10 10 10 10
Nephropathy? 10 (1.1)b 10 (1.0) 10 (1.0) 10 (1.6)
Renal Tubule Pigmentation 0 7** (1.0) 10%* (1.2) 10** (1.9)

2-Year Study

Single Sections (Standard Evaluation)

Number Examined Microscopically 49 50 50 50
Nephropathy 49 (1.7 49 (1.9) 50 (1.8) 49 (2.1
Renal Tubule Focal Hyperplasia 1 (1.0 0 0 0
Renal Tubule Pigmentation 0 46** (1.1) 50** (1.4) 50** (2.8)
Renal Tubule Adenoma 0 1 1 0
Renal Tubule Carcinoma 0 1 1
Renal Tubule Adenoma or Carcinoma® 0 1 2 1

Step Sections (Extended Evaluation)

Number Examined Microscopically
Renal Tubule Focal Hyperplasia 1 3.0 0 2 (2.5 1 2.0
Renal Tubule Adenoma 0 0 0 1

Single Sections and Step Sections (Combined)

Number Examined Microscopically
Renal Tubule Focal Hyperplasia 1 (1.0 0 2 (2.5 1 2.0
Renal Tubule Adenoma 0 1 1 1
Renal Tubule Carcinoma 0 1 1
Renal Tubule Adenoma or Carcinoma 0 1 2

0 ppm 312 ppm 625 ppm 1,250 ppm

Female

12-Month Interim Evaluation

Number Examined Microscopically 10 10 10 10
Nephropathy 4 (1.0) 4 (1.0) 5 (1.0) 9% (1.6)
Renal Tubule Pigmentation 0 0 7¥* (1.0) 10%* (1.6)

2-Year Study

Number Examined Microscopically 49 50 50 49
Nephropathy 22 (1.2) 46** (1.2) 41** (1.2) 48** (1.7)
Renal Tubule Pigmentation 0 37%* (1.0) 48** (1.1) 49** (2.3)

* Significantly different (P<0.05) from the control group by the Fisher exact test (interim evaluations) or the Poly-3 test (2-year study)
** P<0.01

4 Number of animals with lesion

Average severity grade of lesions in affected animals: 1=minimal, 2=mild, 3=moderate, 4 =marked

Historical incidence for 2-year feed studies with untreated control groups (mean + standard deviation): 2/851 (0.2% + 0.7%);
range, 0%-2%

b
c
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exposed groups; severities increased with increasing
exposure concentration. The pigment, generally of
greater severity in the males, was of a similar nature
to that seen in the 14-week studies. The pigment was
mainly located in the medulla and corticomedullary
junction, in the lumina of the renal tubules, although
in some instances pigment granules were present in
the tubule epithelium cytoplasm. The presence of pig-
ment usually correlated with the occurrence of
nephropathy in the same nephrons, sometimes being
localized to the site of the pigment deposition
(Plate 4). The pigment stained negatively with PAS
stain for identification of carbohydrates, Hall’s stain
for bile, and Perl’s Prussian blue test for identification
of iron; therefore, it was presumed to represent
deposits of emodin or emodin metabolite(s).

All Organs: A decrease in the incidence of malignant
lymphoma was noted in male mice receiving 625 ppm
(O ppm, 5/50; 160 ppm, 3/50; 312 ppm, 3/50;
625 ppm, 1/50; Table C3). This incidence was at the
lower end of the historical control range (Table C4b).

Lung:  The incidences of alveolar/bronchiolar
carcinoma were decreased in groups of exposed male
mice (10/50, 9/50, 6/50, 5/50; Table C3). This
apparent decrease was primarily due to the high inci-
dences in the control and 160 ppm groups; the
incidences in these groups were outside the current
historical control range [54/852 (6.4% + 3.8%);
range, 2%-14%]. The incidences of alveolar epithe-
lial hyperplasia were not decreased (2/50, 1/50, 4/50,
0/50; Table C5), and no decreases were observed in
female mice. This marginal decrease in the inci-
dences of alveolar/bronchiolar carcinoma was not
considered to be treatment related.
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GENETIC TOXICOLOGY

Emodin, tested in two separate studies in a preincuba-
tion assay, was mutagenic in Salmonella typhimurium
strain TA100 in the presence of induced rat or ham-
ster S9 liver enzymes over a concentration range of
1 to 666 pg/plate (Table E1). No mutagenicity was
detected with emodin in this assay in strain TA9S8,
with or without S9. Chromosomal aberrations were
induced in cultured Chinese hamster ovary cells
treated with 10 to 20 ug/mL emodin in the absence of
S9 activation and with 100 to 200 ug/mL emodin in
the presence of S9 (Table E2); the response observed
without S9 was stronger than with S9. Three separate
in vivo micronucleus tests were performed with
emodin in attempts to clarify a complicated response
pattern; most of the tests gave negative results.
Emodin was tested for induction of micronuclei in
polychromatic erythrocytes in standard three-exposure
studies; bone marrow was analyzed 24 hours after the
third injection, and results in male rats and male and
female mice were negative (Table E3). Peripheral
blood samples from the same mice at the end of the
72-hour exposure period were also analyzed for fre-
quency of micronuclei, and a statistically positive
response was obtained for male mice only. Consider-
ing both the bone marrow and the peripheral blood
data, the three-exposure micronucleus test was judged
to be negative overall in male and female mice. In
peripheral blood samples from mice in the 14-week
feed study, an increase in the frequency of micro-
nucleated normochromatic erythrocytes was seen in
females, but not in males (Table E4). The small
increase in normochromatic erythrocytes observed in
the female mice was statistically significant
(P=0.001), but no individual exposed group value
differed significantly from the control value; the result
in female mice was concluded to be weakly positive.
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DISCUSSION AND CONCLUSIONS

Emodin is a naturally occurring anthraquinone present
in vegetable laxatives containing extracts of the dried
roots and/or bark of several plants of the genus
Rhamnus. Reports by Mori et al. (1985, 1986) that
1,8-dihydroxyanthraquinone, a commonly used laxa-
tive ingredient, caused tumors in the gastrointestinal
tract of rats raised the possibility of an association
between colorectal cancer and the use of laxatives
containing anthraquinones. Because emodin is a
hydroxyanthraquinone structurally similar to 1,8-dihy-
droxyanthraquinone, it was considered a potential
carcinogen and selected for in-depth evaluation.

During the 16-day and 14-week studies, exposure to
emodin was associated with a number of lesions in the
kidney of rats and mice. In the 14-week rat study,
hyaline droplets characterized by the presence of
multiple hyalinized, intensely stained, red-orange oval
structures, sometimes surrounded by a pale halo,
were present in the cytoplasm of cortical tubule
epithelial cells in all exposed groups of male rats and
female rats exposed to 312.5, 625, or 1,250 ppm. No
droplets were present in the kidneys of female rats
exposed to 2,500 or 5,000 ppm. If the droplets con-
tained protein, then their absence may be related to
the significant reduction in total serum protein and
albumin concentrations observed in females exposed
to 2,500 or 5,000 ppm at the end of the 14-week
study. A similar decrease was not noted in males.

Morphologically, the droplets were different than the
a2u-globulin-associated hyaline droplets observed in
control male rats. Inmales, the severities of the drop-
lets exhibited an unusual dose response with the
greatest severity in the 1,250 ppm group; the severi-
ties in the 312.5 and 625 ppm groups were greater
than in the 2,500 or 5,000 ppm groups. In an effort
to determine whether the presence of droplets was
associated with an increased proliferative response,
kidney sections from three control males, three male
rats exposed to 1,250 ppm, and three males exposed
to 5,000 ppm were stained immunohistochemically for
proliferating cell nuclear antigen. Mean labeling
indexes were similar in all groups. The presence of

droplets was not considered a major dose-limiting
toxic response in rats.

In the 14-week mouse study, renal tubule pigmenta-
tion was present in all exposed groups of males but
only in females exposed to 1,250 ppm or greater. In
males and females, both the incidences and severities
generally increased with increasing exposure concen-
tration. Although the pigment was not positively
identified, it was considered to be emodin or possibly
a metabolite. In male and female mice, the pigment
was located in the lumen of the tubules. Because the
incidences and severities of nephropathy generally
increased with increasing exposure concentration and
appeared to parallel pigmentation, the pigmentation
may have obstructed the tubules, thus exacerbating the
nephropathy. Because the incidences and severities of
pigmentation and nephropathy in male mice were
minimal at 625 ppm but increased markedly at
1,250 ppm, 625 ppm was selected as the highest
exposure concentration for the 2-year study in male
mice. In female mice, pigmentation and nephropathy
were present only in groups exposed to 1,250 ppm or
greater. The incidences and severities were increased
markedly at 5,000 ppm but were similar in the
1,250 and 2,500 ppm groups. Therefore, selecting
1,250 ppm as the highest exposure concentration for
the 2-year study in female mice provided an adequate
challenge while avoiding the additional potential for
toxicity that might accompany the use of 2,500 ppm.

Exposure to emodin for 2 years did not reduce the
survival of any groups of rats or mice and caused
relatively modest reductions in the mean body weights
of rats during the study. However, unlike many other
anthraquinones evaluated by the NTP, emodin was
not unequivocally carcinogenic.

Zymbal’s gland carcinomas were present in three
female rats exposed to 2,500 ppm. The Zymbal’s
glands, specialized sebaceous glands about 3 to 5 mm
in diameter lying anterioventral to the orifices of the
external ears, were examined microscopically when
observed to be grossly abnormal or enlarged at
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necropsy. Zymbal’s gland carcinomas generally
occur late in life, are relatively fast growing and
highly invasive, and produce body weight loss and
debilitation. Zymbal’s gland neoplasms seldom occur
spontaneously but are readily induced by a variety of
carcinogens. To date, treatment-related increased
incidences of Zymbal’s gland neoplasms have
occurred in male and/or female rats in studies of
21 chemicals tested by the NTP (1998). Of these
chemicals, 19 were mutagenic in Salmonella, and 20
of 21 were multisite carcinogens. In only one of the
21 studies did the increase occur in females and not
males. Many of these chemicals also caused neo-
plasms of other specialized sebaceous glands (prepu-
tial or clitoral gland) and/or the skin. An exception is
pentaerythritol tetranitrate (NTP, 1989). In that NTP
feed study, the only potential tumorigenic findings
(equivocal evidence of carcinogenicity) were low
incidences of Zymbal’s gland neoplasms [adenoma or
carcinoma (combined)] in male (0 ppm, 0/49;
25,000 ppm, 3/45; 50,000 ppm, 2/41) and female
(0 ppm, 0/36; 6,200 ppm, 1/37; 12,500 ppm, 3/35)
rats. Although emodin is not a strong genotoxin, it is
extensively metabolized in the liver (Bachmann and
Schlatter, 1981) and has at least one probable
metabolite, 2-hydroxyemodin, which is mutagenic in
Salmonella (Masuda and Ueno, 1984). Emodin
clearly is not a multisite carcinogen, and the pattern of
tumorigenic response in this study was dissimilar to
that observed for all previously studied chemicals that
clearly produced an effect on the Zymbal’s gland.
Additionally, there was an absence of a similar
response in male rats. However, the incidence of
Zymbal’s gland adenoma exceeded the range observed
for current historical controls. Therefore, the occur-
rence of three Zymbal’s gland carcinomas in female
rats exposed to 2,500 ppm was considered an equiv-
ocal finding.

Renal tubule adenomas and carcinomas were present
in exposed male mice, including one adenoma each in
the 160 and 312 ppm groups and one carcinoma each
in the 312 and 625 ppm groups. Renal tubule
neoplasms are rare in male mice; the historical control
incidence is 2/851 (0.2% =+ 0.7%; range, 0%-2%).
The presence of these neoplasms suggests an associa-
tion with emodin exposure. Hyperplasia, adenoma,
and carcinoma of the renal tubule are considered to
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represent a morphologic and biologic continuum of
proliferative lesions; however, there was no signifi-
cant increase in the incidences of renal tubule hyper-
plasia in male mice. Past experience has shown that
microscopic examination of additional sections of the
kidney may result in identification of additional
proliferative lesions and has been helpful in assessing
a potential chemical related effect in the kidney. In
this study, additional kidney sections revealed the
presence of a single additional adenoma in a male
625 ppm mouse. Therefore, based on the absence of
an increase in the incidence of renal tubule hyper-
plasia and the discovery of only one additional
adenoma in the extended evaluation, the low incidence
of renal tubule neoplasms in exposed male mice was
considered an uncertain finding.

Danthron (1,8-dihydroxyanthraquinone), a hydroxy-
anthraquinone structurally similar to emodin, adminis-
tered in feed caused tumors in the gastrointestinal
tract of ACI rats and the livers of CH3/HeN mice
(Mori et al., 1985, 1986). Exposure of ACI rats to
1-hydroxyanthraquinone in feed caused tumors in the
gastrointestinal tract and liver (Mori et al., 1990).
However, there was no indication that exposure to
emodin had any effect on the gastrointestinal tract of
rats or mice in either the 16-day or 14-week studies,
in which exposure concentrations were up to
50,000 ppm, or in the 2-year studies. Although
emodin is extensively metabolized in the liver, there
was no evidence of any carcinogenic response in the
liver of rats or mice. Serum albumin concentrations
were decreased for female rats exposed to 2,500 or
5,000 ppm in the 14-week study; however, there were
no other indications of hepatotoxicity. Instead, it
appears that emodin was effectively detoxified by the
liver.

In most previous NTP studies in which chemical
exposure reduced the incidences of mononuclear cell
leukemia, there was an accompanying treatment-
associated toxic response in the spleen during the
prechronic studies (Elwell et al., 1996). Also, sple-
nectomy of F344/N rats aged 1 to 2 months markedly
reduced the incidence of mononuclear cell leukemia.
In the present study, however, exposure to emodin
had no effect on the spleen or hematopoietic system in
rats.
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Although little is known about the molecular details
underlying the development of mononuclear cell leu-
kemia in F344/N rats or malignant lymphoma in
B6C3F, mice, emodin has been shown to be an
inhibitor of several protein kinases involved in signal
transduction. These protein kinases included protein
tyrosine kinase p56'* (Jayasuriya et al., 1992),
phosphatidylinositol-3-kinase, protein kinase C, and
c-src (Frew et al., 1994). In human breast cancer
cells overexpressing the HER-2/neu proto-oncogene,
which encodes a transmembrane tyrosine kinase
growth factor receptor, emodin inhibited the tyrosine
kinase activity of the pl185"" gene product,
preferentially blocked proliferation of these cells, and
induced their differentiation into mature breast cells
(Zhang et al., 1995; Zhang and Hung, 1996).
Emodin also selectively blocked the growth of v-ras
transformed bronchial epithelial cells (Chan ef al.,
1993). In view of the important role of protein
tyrosine phosphorylation in many fundamental cellular
processes and, in particular, its role in the regulation
of hematopoiesis (Ihle ez al., 1994), it is plausible that
inhibition or alteration of tyrosine phosphorylation by
emodin may be involved in reducing the incidences of
mononuclear cell leukemia in rats and malignant
lymphoma in male mice.
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CONCLUSIONS

Under the conditions of these 2-year feed studies,
there was no evidence of carcinogenic activity* of
emodin in male F344/N rats exposed to 280, 830, or
2,500 ppm. There was equivocal evidence of carcin-
ogenic activity of emodin in female F344/N rats based
on a marginal increase in the incidence of Zymbal’s
gland carcinoma. There was equivocal evidence of
carcinogenic activity of emodin in male B6C3F, mice
based on a low incidence of uncommon renal tubule
neoplasms. There was no evidence of carcinogenic
activity of emodin in female B6C3F, mice exposed to
312, 625, or 1,250 ppm.

Exposure of rats to emodin resulted in increased
incidences of renal tubule hyaline droplets and pig-
mentation in males, increased incidences of renal
tubule hyaline droplets in females, and increased
severities of renal tubule pigmentation in males and
females. Emodin exposure resulted in increased inci-
dences of renal tubule pigmentation in male and
female mice and increased incidences of nephropathy
in female mice.

Incidences of mononuclear cell leukemia decreased in
male and female rats exposed to 2,500 ppm.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 10. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 12.
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